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ABSTRACT 


The  proliferation  of  human  activity  in  Jasper  National 
Park,  associated  principally  with  rising  recreation  and 
transportation  demands,  is  placing  severe  pressures  on  the 
natural  Park  environment.  This  thesis  analyzes  a  pervasive 
by-product  of  this  activity — the  propagation  and  transmission 
of  noise. 

Noise  production  was  monitored  and  subsequently 
evaluated  using  the  dB (A)  scale,  a  weighting  network  that 
simulates  the  auditory  response  of  the  human  ear.  The 
perception  of  sound  and  noise  is  dependent  on  both  the 
physical  properties  of  sound  waves,  and  the  psycho-acoustical 
response  displayed  by  the  listener. 

Jasper  townsite  and  the  Athabasca-Miette  River  valley 
system  were  sampled  in  order  to  identify  noise  sources  and 
to  ascertain  their  contribution  to  the  existing  noise 
environment.  Through  noise  diffusion,  this  artificial 
environment  has  been  superimposed  on  the  natural  ambient 
sound  system  operating  in  the  area. 

Seasonal  changes  exert  a  strong  control  on  both  the 
level  of  activity  and  the  related  noise  generation;  a  major 
fluctuation  in  noise  intensity  and  range  coincides  with  the 
change  from  tourist  season  to  off-season  period. 

Meteorological  factors,  particularly  thermal  and 
wind  gradients,  create  a  complex  sound  field  in  the  valleys 
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through  the  refraction  of  sound  waves.  The  diffusion  of 
noise  is  further  complicated  by  the  interference  resulting 
from  the  attenuation  produced  by  topography  and  vegetation. 

The  noise  factor  can  detract  from  the  aesthetic 
values  of  the  natural  Park  environment.  It  can  potentially 
degrade  this  environment  by  altering  the  habits,  composition, 
or  distribution  of  wildlife  in  the  Park. 

The  control  of  noise  generation  and  distribution 
would  require  the  implementation  of  a  comprehensive  zoning 
scheme.  Noise  as  an  environmental  factor  has  largely  been 
disregarded  or  gone  unrecognized  in  the  process  of  park 
planning.  The  preliminary  work  undertaken  in  this  study 
needs  to  be  expanded  and  augmented  in  both  scope  and  detail 
if  control  is  to  be  achieved  over  this  detrimental  by-product 
of  human  activity  in  the  parks. 


m 

If’ 


vl 

* 

noxai;55lb  erlT  .aevsw  bni/oa  lo  noic^osiild*!  ripuoirf^ 

pniili/asT  sone^saa^nx  arii  be:>fiDXlqmoo  ai  saxon 

.noi5B:t9pdv  bne  baouboiq  noiisunsitifi  srfl  moi^ 

oxi9ri:J8eB  3ti^  mox5  iojsxjtsb  neo  xoiosi  aaion  sdT 
YllBxin9:>oq  ftBO  il  .UiivfnaoTixvne  ^X6<I  iB^uzffin  odi  5o  asuXav 
^noxiieoqmoo  ,a:txcl6ri  9d:t  pnitisiXs  iaariinoTXVrtQ  airt:t  dbaipeb 

.3(:iBq  sriit  nx  eixXbXxw  io  aoxctt/dXxiaib  io 

aoxdt/dx'idaxb  bnj&  noldfi-xansp  salon  Xa  Xoujnoo  sdT 
pnxnos  eviansrisiq/noo  b  Xo  noxXBXnsmsIq/nx  srf:t  eixupBi  bXuow 

u 

nssd  \l^pi&X  aari  xoXpbX  IfiXnsmno^ixvns  ns  afi  saXoM  .stnsrioa 
^xsq  Xo  aabooxq  sri^  nx  bssxn^oosxnu  snop  10  bsbxfi^^s^aXb 
Ybi;:t8  axrid  nx  nsMsX^sbnn  ?(:iow  Y’lsnxmxlsxq  sfiT  .pnlcutBlq 
li&JQb.  bnB  sqooa  rlXod  nx  bsinsmpuB^briB  bsbnfiqxs  9d  od  absert  _ 
Xotiboiq-Y^  XBdn9mx*i:t9b  axrix  isvo  bsvsirioB  sd  oX  ax  Xo'xdnoo  XX 

.a?(:xBq  sriit  nx  Y^xvXdoB  n&mtjci  io  , 


TABLE  OF  CONTENTS 


Page 

INTRODUCTION  .  1 

Chapter 

1.  SOUND  AND  NOISE .  6 

1.1  The  Concept  of  Sound  and  Noise  ....  6 

1.2  The  Measurement  of  Sound  and  Noise  .  .  9 

2.  THE  NOISE  ENVIRONMENT  IN  JASPER  NATIONAL  PARK  .  .  20 

2.1  Noise  Sources . 20 

2.2  Noise  Monitoring  .  21 

2.3  Monitoring  a  Complex  Sound  Field  ...  27 

3.  NOISE  PRODUCTION  AND  NOISE  SYSTEMS  .  35 

3.1  The  Urban  System . 35 

3.1.1  Sampling  Method  and  Limitations  ....  35 

3.1.2  Spatial  Patterns  .  40 

3.1.3  Transportation  Noise  in  the  Townsite  .  41 

3.1.4  Short-term  and  Seasonal  Noise 

Patterns . 47 

3.2  The  Valley  System . 52 

3.2.1  Valley  Samples . 52 

3.2.2  Noise  Diffusion  in  the  Valley  System  .  56 

3.2.3  Transportation  Noise  Production  in  the 

Valley  System  .  58 

3.2.4  Noise  Attenuation  by  Topography  and 

Vegetation . 61 

3. 2. 4.1  Attenuation  by  Topography  .  61 


t* 

•V' 


4  » 


•  '  L.  tf’ 

^  ■  ■  ■«  ‘  r  -  .v 

2Tkl3T«OD  30  aJflAT  ,  ^ 

■  -  t?  *  •  -I 

■’■j 

-  -  *  •  -I 

. moitouqojitwi 

■V 

^  :idiqsfiD 

3  . 33I0M  atlA  aKtJ08  .1 

d  ....  saioW  bnii  bnuoa  io  itqsonoD  sriT  I,X 

♦ 

e  ,  .  aexoM  brus  bnuoa  3to  erlT  S.I* 

.,  -ir 

OS  .  .  xHAq  ‘  JAwoiTAv.  HaqaAL*  m  TuaMwoaivwa  aaiow  3HT,  .s 

M 

. . aeonvoB  oeioW  I.S 

Xj' . .  pnixo:tinoM  sbjloH^^^S.S 

VS  ...  blsia  bniroa  xsXqmoO  b  g.Ti^coiinoK .J 

.  ^ 

.  2M2TaYa  asiOM  gma  woiTouacHG  aaiow  .e 

« 

2£  ' . .  .  ni9:te>i3  nsdiU  sriT  I.£ 

....  enoidfidimxJ  bnfe  boiidsM  pnilqniBa  I.I.£  * 

'  • 

» 

Ofr . ..1  anttsidB^  iBxdBqa  £.!.£ 

.  adxsnwoT  srid.nx  saioW  noidBiioganBiT  £.I..£ 

w 

saioW  l6no8B98  bns  miaJ’-dioria  ‘^.I.£ 

Viv . .’  .  .  anisddsa  ^ 

S2 . msda^a  ^^LIbV  srlT  _  S . £  ♦ 

S2  .  .•  .  . . eelq/nBa  I.S.£ 

32  ^  .  m9dSY3  Y^-tXBV  arid  nx  noJcaui^xO  aaxoW  £,S,£  *  *  > 

arid  nx  noidouboi^  aaxoM  noxdBdxoqanBdT  £  .  S .  £  ' 

82  .  ;  .  .  . . '.  madaY^  \c3ll&^  ? 

bnfi  Yrf3^5*2poqoT  Y^  noxdBunaddA  aexoH  fr.£.£ 

X9  ,  .  . . noidBdapaV 

X9 . Y^^JBTpoqoT  Y<i  noxjBunaddA  I.^.S.C 

«h  ' 

m  '*  • 


vi 

Chapter  Page 

3. 2. 4. 2  Noise  Attenuation  due  to  Vegetation  .  .  65 

4.  NOISE  AS  A  FACTOR  IN  PARK  PLANNING . 69 

4.1  Noise  as  a  Pollutant . 69 

4.2  Noise  Control . 72 

4.2.1  Noise  Reduction . 72 

4.2.2  Noise  Confinement  .  74 

5.  SUMMARY  AND  CONCLUSIONS . 77 

BIBLIOGRAPHY  .  85 

APPENDICES . 8  9 

I.  GLOSSARY . 90 

II.  SOUND  MEASURING  EQUIPMENT  .  94 


Iv 


Sd 

ed 

€d 

tv 

VV 

ee 

es 

oe 

fre 


nol:tB:t9psV  oi  st/Jb  noib'£.i/no:^:tA  esioH  S.^.£.£ 

•  •  V  ^  ^ 

. dpiimmaj^  mi  hotoat  a  sa  ^iom  J 

> 

. :^a6:tuXIo^  6  bb  sexoW  X.^  , 

•  *  t  ;  .  ,  ,  .  XOliftOD  98X0M  .  . 


.  noxj^owbsH  bbIoM 

•  >. 

insmsnx^noO  aeioM 


X.£.^ 

S.S.I^ 


N 


.  8M0I2tJJDM00  aWA  YHAMMU3  .2 


.  vHqAHOouaia 
.  .  asDiawaa^ 


YHAaaoio  .  I 


Twaw^iuoa  OMiHUBAaM  anuoa  .ii 


LIST  OF  TABLES 


Table  Page 

3.1a  Mean  Noise  Intensities  for  Townsite 

Samples . 36 

3.1b  Noise  Range  Levels  for  Townsite  Samples  ...  37 

3.1c  Noise  Climate  for  Townsite  Samples  .  38 

3.2  Noise  Data  From  Valley  Transects . 55 


3.3  Forest  Cover  Characteristics  of  Quadrats 

Analyzed  for  Noise  Attenuation  Produced 
by  Vegetation  . 


67 


T 


aJisnwoT  :ioi  aaiiiensJnl  eaioM  nsaM 

ic  '  .......  >i.  •  •  selqmea 

ot.  .  •  . . /  X 

...  eeXq/nea  sz^xznwoT  alavoJ  apneH 

8£ . aelqmjBa  sifisnwoT  :ioi  aiBmXXO  ©bIoW 

. . 3^^a3n6:cT  ^^sXXfiV  mos'i  sitea  aeioM 

8:tBxbfir;0  io  aoi:t8iia-f06lBriD  TtavoO  :t8s:£0'i  . 
baoubdtt^  nox:JBt/iiei^iA  aexoW  xoi  besY^XsnA 

. noiii&:t8p9V 


sIdBT 

C-  liJt 

bX.£ 


dX.C 


oI.C 


s.e 


t.z 


'» 


N 


LIST  OF  FIGURES 

Figure  Page 

A  Visitor  Attendance  in  Banff  and  Jasper 

National  Parks  .  3 

1.1  Typical  A-weighted  Sound  Levels  for  Selected 

Noise  Sources  .  10 

1.2  Octave  Band  Analysis  of  Three  Tones .  12 

1.3  Internationally  Standardized  Frequency 

Response  for  General  Purpose  Sound  Level 
Meters .  15 

1.4  Normal  Equal  Loudness  Contours  for  Pure 

Tones .  17 

2.1  Location  of  Sampling  Points  in  Jasper 

Towns  ite . .  2  3 

2.2  Athabasca  River  Valley  Transect  .  .  .  25 

2.3  Miette  River  Valley  Transect  .  26 

2.4  Wind  Noise  as  a  Function  of  Wind  Speed  ...  30 

2.5a  Mean  Monthly  Rainfall,  Snowfall  and  Total 

Precipitation  in  Jasper  Townsite  .....  33 

2.5B  Monthly  Rainfall,  Snowfall  and  Total 
Precipitation  in  Jasper  Townsite 
for  1971 . .  33 

3.1  Railyard  Noise  Production  as  Monitored  at 

Site  7 .  42 

3.2  Noise  Produced  by  CNR  Continental  in 

Entering  Jasper  Townsite  from  Opposite 
Directions . .  44 

3.3  Noise  Production  From  Local  Motor  Vehicle 

Traffic  as  Monitored  at  Site  8 . 46 

3.4  Monthly  Visitor  Attendance  and  Vehicle  Traffic 

in  Jasper  National  Park  during  1971  ....  49 


aanuon  *50  tsij 


isaBBL  bftB  iifiBS  ni 

P  . *  •  •".  lenoxifiM 

bBdosia^  io^  sieved  bauo2  bs^tripisw-A  iBolq^T 
Qj  .  e30'icjo8  aeioM 

\ 

S;X  . asnoT  -^s-srlT  eiaylBnA  bnsa  evG:ioO 

Yoroi/pBi'^  b9Sxb”3:Bb/TBzt 2 
levsJ  bnuo2  9aoq:tua  iB’xeneD  aol  96no<5B9n 

,ei  . . 

9iua  8:iuo:tnoD  889flbuoJ  lBup3  Ib/ii’ioM 

< . aenoT 

isqaBli  ni  a:tnioa  pniIgfliB2  io  noi:tfiOGJ 
££  . .  siienwoT 

I*  •  i 

22  . ioeanfiiT  ‘i9viH  BoaBdBri:tA 

. :to98nBT[T  \ieLlBV  leviH  sititsiM 

0£  ...  besqa  bniW  io  noiiDni/3  b  8b  oaioM  bniW 

Ib;JoT  bnB  Ilsiwona  ^XIsiniBH 
££  . 9:tianwoT  ttaqaBL  ni  noi:>B:tiqio9;xa 

iBioT  bnB  IlBiwonB  ^IIsiniBH 

eiianwoT  isqafiL  ni  noiifid^iqiosT^a 
££  . IVei  Toi 

is  bsioiinoM  as  noiiouboia  oaioM  bxBYiis^ 

. . ^  9:ti2 

r  *  •  ■• 

ifi^nofli^noD  HMO  \<i  beouboi'^  aaioM 
9:tiaoqq0  moii  o^ianwoT  .isqaBb  paiie:tna 
.  . . .  4  . .  .  .  .  enoxitosiia 

eieifiaV  ao:ioM  IbooJ  nio:i'3  noi:i6gibO"i*l  saioM 
.  .  .  .  i  .  8  9ii3  ifi  b9:to:JinoM  aB  oiiiBiT 

oiiiB'sT  sIoiriDV  bns‘  9DnBbn9:f:^A  ’loiieiV 
etk  ....  IVeX  pni:tjjb  ^tis^  XenciisW  isqscL  ni 

■J-:' 


A  ^ 


X.X 


J»'' 


s.x 

€.1 


^.I 

s.s: 

£.S 

Be.s 

a^.£ 


'  l.Z 

m 


s.t 


e.e 

^.e 


V' 


IX 


Figure  Page 

3.5  Spatial  and  Seasonal  Variation  in  Noise 

Production  at  Three  Sites  Representing 
Residential,  Commercial  and  Industrial 
Locations .  51 

3.6  Noise  Production  in  Jasper  Townsite  for 

July  1971 .  53 

3.7  Noise  Production  in  Jasper  Townsite  for 

November  1971 .  54 

3.8  Noise  Traces  Generated  by  Train  and  Airplane 

Movement  Through  the  Valley  System  ....  60 

3.9  Sound  Wave  Attenuation  Caused  by  a 

Topographic  Obstruction  .  ...  63 

3.10  Area  Analyzed  for  Attenuation  Characteristics 

of  Vegetation  Cover  .  64 

APPENDIX 

II. i  Sound  Measuring  Equipment  .  .  95 

II.  ii  Noise  Trace  Components .  95 


XI 


0-2 

2.E. 


( 


■V'-’  t 

0pfl^  r 

saxoJd  nx  noii^slifiV  IcnosseS  bfiB  iBXisqB 
pnxifiaesiqsH  a©:tl8  s^-xoT  :J£  fiox^oi/bOT*! 

XBi'2:t8ubnI  bne  IciotismmoD  ,  iBiinsbiasH .:  t 

^2  . anoxiBOOtl  ^  ^ 

•205  s^xanwoT  ^aqaBL  rtx  noXdovbo'i^  eaioM  3.£  ^ 

F?  X^6X  \^lisTj  ^  :  j|j 

.  -■  ' 

•205  05xanv;oT  isqaBL  nX  noi^oi/boi^  s«ioM  V.£ 

Kg  . . XV<?X  ladm^voW  •  ^ 

enfiXq^xA  has  nxBxT  beifB^tendO  aooe^T  saxoM  B.C 

Oa  . mod-eva-  ysXXbV  erfd  ripuoiriT  ^nsmsvoM  :  , 

fi  Yd  beat/BD  noi5B0nsJ^:!A  qvbW  bm/o3  6.8  ^ 

£3  . noi5oi/25edO  oXrigflt^^^T  * 

.  ■ 

aoxdex205oB‘26flO  noxdsunsidA  io5  bssYXftnA'^Bs^tA  01. C 
. .  .  .  .  “xavoO  noidc:f3i?oV  5o 

XiaW3<I‘lA 

•  * 

£9  . 5n9mqXijp(?^nx2i;aB0M  bfiwoB  l.II  - 

■■  ®.r 

ae  . - .  ainsnocraoO  sobxT  sexoM  xi*II 

fT  -  I 

.}4r  '<^11  r 

I 

t  ..  . 

,  '  .  “  ■■•  ->.  lj  ■  '  -•  «■(«■>«■ 

<.  -  V-»,,r  '  I  T 


INTRODUCTION 


Since  its  establishment  in  1907,  Jasper  National  Park 
has  experienced  many  of  the  trends  and  conflicts  that  have 
characterized  the  development  of  a  national  park  system  in 
Canada , 

Socio-economic  and  political  realities  of  the  latter 
part  of  the  19th  century  were  not  very  conducive  to  the 
development  of  a  well  planned  and  integrated  national  park 
system.  The  frontier  characteristics  of  Canadian  society 
and  history,  and  the  seemingly  limitless  wilderness  areas  did 
not  provide  for  a  very  high  priority  in  the  national  scheme 
for  the  establishment  of  such  a  system.  Its  growth  usually 
depended  on  economic  justification.  Jasper  National  Park  owes 
its  origin  and  early  development,  as  do  most  of  the  mountain 
national  parks,  to  the  construction  of  a  transcontinental 
railway  system.  The  interest  displayed  by  government  and 
railroad  in  the  parks  at  this  stage  was  based  on  the  economic 
returns  to  be  derived  from  the  development  of  an  international 
tourist  trade,  catering  to  an  exclusive  and  prosperous 
clientele  (Nicol,  1970). 

The  promotion  of  the  parks  as  a  major  Canadian  tourist 
attraction  has  remained  a  primary  factor  in  the  history  of  the 
system.  In  addition  to  the  economic  incentive,  the  parks  were 
seen  as  the  means  of  providing  a  national  playground  to  fulfil 
the  public's  recreational  demands.  The  concept  of  national 
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parks  as  forming  part  of  a  Canadian  heritage  to  be 
preserved  for  future  generations,  and  serving  as  nature  and 
wilderness  sanctuaries  was  subordinated  to  the  more  lucrative 
exploitation  of  the  area  under  the  'resort'  concept.  Conse¬ 
quently,  commercial  concessions  and  residential  leasing  was 
promoted,  leading  to  the  accelerated  growth  of  townsites 
within  some  of  the  parks ,  and  land  uses  that  were  often 
inconsistent  with  the  principles  of  national  parks  (Nicol, 
1970)  .  The  ambiguity  and  lack  of  firm  guidelines  that  have 
characterized  national  park  legislation  has  allowed  a  mis¬ 
directed  utilization  and  a  general  public  misconception  as  to 
the  real  value  and  functions  the  parks  should  and  were 
intended  to  provide . 

A  major  change  in  government  attitude  and  policy, 
emphasizing  the  need  for  environmental  preservation  in  parks, 
has  developed  in  the  last  decade.  This  has  occurred  at  a 
period  when  increasing  public  mobility,  leisure  time,  and 
recreational  demands  and  needs  have  been  placing  intensified 
pressure  on  both  government  and  parks  to  provide  additional 
facilities  and  space. 

In  the  case  of  Jasper,  these  factors  have  resulted  in 
a  greatly  increased  visitor  attendance  and  traffic  flow,  as 
well  as  in  the  accelerated  growth  of  commercial  and  recrea¬ 
tional  facilities.  Figure  A  shows  the  rapid  rise  in  visitor 
numbers  that  has  occurred  in  the  1960 's.  The  completion  of 
a  modern  highway  network  toward  the  end  of  the  decade  allowed 
for  a  great  influx,  including  tourists  from  intensely-used 
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Figure  A:Visitor  attendance  in  Banff  and  Jasper  National  Parks. 


Source; Canada, Visitor  Services,National  and  Historic  Parks  Branch, 
Department  of  Indian  Affairs  and  Northern  Development. 
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Banff  National  Park.  Increased  skiing  development  further 
augmented  the  incoming  flow.  Commercial  vehicles,  utilizing 
the  highway  system  as  a  link  between  the  west  coast  and  the 
interior  have  been  adding  to  the  congestion  caused  by  private 
traffic . 

Intensified  activity  has  subjected  the  park  to 
increasingly  severe  pressures.  This  study  is  concerned  with 
the  analysis  of  noise  production — one  of  the  by-products  of 

this  activity,  and  evaluates  its  potential  impact  on  the 
natural  Park  environment. 

The  physical  and  psycho-acoustical  properties  of  sound 
and  noise,  as  well  as  the  measurement  of  these  phenomena,  are 
presented  in  Chapter  1. 

Measurement  and  sampling  techniques  used  in  the  Jasper 
study  are  outlined  in  Chapter  2.  The  scope  of  the  noise  survey 
is  developed  and  the  problems  imposed  by  the  existence  of 
complex  sound  fields  in  the  study  area  are  discussed  in  detail 
in  that  chapter. 

The  noise  production  originating  in  Jasper  townsite 
and  the  Athabasca-Miette  valley  system  is  analyzed  in  Chapter 
3.  Noise  sources  are  evaluated  to  determine  their  contribu¬ 
tion  to  the  noise  environments  in  those  locations.  Patterns 
of  noise  generation  and  distribution  are  outlined  and  mapped. 
The  diffusion  characteristics  of  noise  in  the  valley  system 
are  studied,  with  particular  reference  given  to  the  attenu¬ 
ation  produced  by  topographic  obstructions  and  forest  cover. 
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The  results  obtained  from  the  analysis  are  then  used  in 
Chapter  4  in  discussing  the  potential  ramification  of  the 
noise  factor  in  terms  of  the  natural  Park  environment. 
Interference  with  the  enjoyment  of  a  natural  experience,  and 
the  degradation  of  the  environment  through  the  effects  on 
wildlife  are  put  forward  as  the  two  main  issues  of  contention. 
Effective  noise  control  would  require  the  strict  regulation 
of  noise  production  and  distribution  through  a  comprehensive 
and  well  managed  zoning  plan. 

A  summary  of  the  work  and  results  of  the  thesis  is 
presented  in  Chapter  5 . 
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CHAPTER  1 


SOUND  AND  NOISE 

1.1  The  Concept  of  Sound  and  Noise 

Vibration  of  particles  of  any  medium  produces  a  dis¬ 
turbance  throughout  the  medium  due  to  the  sequential  trans¬ 
mission  of  the  motion  of  one  particle  to  others  in  the  form 
of  a  wave .  In  the  case  of  air,  vibration  produces  a  varia- 
ation  in  normal  atmospheric  pressure.  This  disturbance  is 
transmitted  to  the  ear,  where  the  complicated  auditory  mech¬ 
anism  translates  the  vibration  into  the  sensation  called 
sound . 

A  distinction  is  needed  to  differentiate  between  the 
physical  and  the  subjective  or  psychological  aspects  of 
sound.  Stevens  and  Davis  (1966)  apply  the  term  dimension  to 
the  physical  sense  of  sound  as  applied  in  acoustics,  and 
define  it  as  being  the  vibration  or  transmitted  vibration  of 
particles  in  a  gas,  liquid,  or  solid. 

Sound  can  also  be  defined  as  "the  stimulus  to  hearing" 
(Boring,  1935) ,  but  a  precise  definition  of  the  stimulus  for 
the  various  aspects  of  auditory  sensations  is  difficult  to 
derive  since  each  stimulus  to  any  aspect  is  a  complex 
function  of  several  variables.  The  distinction  with  the  ~ 
physical  dimensions  of  sound  lies  in  the  fact  that  the  latter 
are  measured  against  an  instrument  scale,  whereas,  in 
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analyzing  the  aspects  of  a  stimulus,  a  subjective  judgment 
is  made  about  the  physiological  effects  of  the  stimulus  on 
the  ear  (Stevens,  1935). 

Thus,  frequency  and  intensity  (Appendix  1)  are  physical 
dimensions  of  sound  propagation,  and  they  exist  whether  or  not 
the  sound  impinges  on  a  human  ear.  Pitch  and  loudness  are 
psycho-acoustic  assessments  of  these  dimensions,  respectively, 
made  by  a  human  observer,  and  can  not  exist  unless  such  an 
observer  responds  to  a  sound  (Rodda,  1967) »  For  example. 

Middle  'C  exists  only  as  a  frequency  of  256  cycles  per  second 
(c/s)  until  some  ear  hears  the  sound  and  assigns  to  it  the 
pitch  designated  as  Middle  'C.  Similarly,  the  physical 
intensity  of  an  80  hertz  (Hz)  tone  may  be  70  decibels  (dB) , 
and  remains  such  until  it  is  assigned  a  loudness  level  of  60 
phons  by  a  human  observer  who  responded  to  the  sound. 

The  complexity  factor  in  sound  evaluation  can  be  held 
constant,  and  the  functions  of  the  various  attributes  of 
hearing  can  be  expressed  graphically  on  plots  whose  co¬ 
ordinates  are  frequency  and  intensity  (Stevens  and  Davis, 

1966) .  These  dimensions  form  the  basis  for  the  discussion 
of  sound  and  noise  measurement  in  this  thesis  (section  1.2), 
since  all  psychological  and  physiological  qualities  can  be 
explained  as  functions  or  derivatives  of  these  two  variables 
(Beranek,  1954,  Hirsh,  1952). 

In  the  measurement  of  noise,  and  in  the  evaluation  of 
its  effects,  the  physical  parameters  are  supplied  by  the 
physicist  or  acoustical  engineer,  to  whom  noise  "is  a  sound 
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whose  character  can  be  defined  and  whose  properties  can  be 
measured  with  the  same  equipment  that  measures  other  sounds” 
(Peterson  and  Grosse,  1967)  .  The  social  application  of  such 
evaluation  has  led  social  scientists  to  give  a  qualitative 
definition  of  noise  -  defined  as  being  an  undesired  sound. 
Glorig  (1958)  points  out  that  the  "essential  characteristic 
of  noise  is  its  undesirability":  noise  is  commonly  defined 
as  an  annoying  or  unwanted  sound.  The  factor  of  undesir¬ 
ability  can  be  expressed  in  terms  of  consonance  and  dis¬ 
sonance  which  are  described  by  Krech  and  Crutchfield  (1958) 
as  being,  respectively,  "the  quality  of  harmony,  smoothness, 
or  unity  of  combination  of  tones,  often  experienced  as  agree¬ 
able,"  and  "the  quality  of  disharmony,  illfittingness,  and 
lack  of  unity  of  combination  of  tones  often  experienced  as 
disagreeable."  However,  these  are  definitions  based  on 
perception  and  subject  to  variation  in  interpretation: 

While  dissonance  may  increase  the  probability  of  a  sound 
being  classified  by  the  perceptual  system  as  noise,... 
dissonance  and  noise  are  not  synonymous.  The  final 
classification,  however,  will  be  the  additive  effect  of 
many  systems,  internal  and  external  to  the  organism.... 

We  can  think  of  the  human  observer  as  having  a  variable 
tolerance  level  for  sounds:  if  the  sound  crosses  this 
tolerance  level  it  is  classified  as  noise,  but  whether 
or  not  this  occurs  is  a  function  of  the  observer  as  well 
as  the  auditory  stimulus  (Rodda,  1967)  . 

Obviously,  the  evaluation  of  sound  as  constituting  a 
noise  is  a  value  judgment  based  on  the  complex  interrelation 
of  an  individual's  situation,  perception,  experience,  frame 
of  reference,  personality,  and  other  determining  factors. 

The  apparently  unavoidable  association  of  noise  and 
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human  activity,  and  the  resultant  noise  environments  prod¬ 
uced  by  such  association,  create  problems  which  provide  a 
legitimate  and  increasingly  important  field  of  investigation 
for  the  environmental  scientist. 

1.2  The  Measurement  of  Sound  and  Noise 

The  change  in  pressure  associated  with  the  disturbance 
of  particles  in  air  is  measured  by  the  extent  of  this  change, 
and  by  the  rate  at  which  it  occurs.  The  extent  of  the  vari¬ 
ation  is  called  the  sound  pressure  (SP) ,  a  force  per  unit 
area  caused  by  the  sound  wave  vibration,  and  is  measured  as 
dynes  per  square  centimetre  (dyne/cm^)  or  the  equivalent 
value  in  units  of  microbars .  The  ' average '  range  of  human 
hearing  in  terms  of  sound  pressure  is  approximately  0.0002 
microbars  to  200,000  microbars  (Davis  and  Silverman,  1970). 

To  overcome  the  problem  of  representing  this  billion  to  one 
range  on  a  linear  pressure  scale,  a  logarithmic  scale  of 
relative  sound  pressures  is  used;  values  are  given  in 
decibels,  a  term  representing  a  sound  pressure  level  (SPL) 

--an  expression  of  the  ratio  of  a  particular  sound  pressure 
with  respect  to  a  reference  sound  pressure.  For  air-born 
sounds,  the  reference  value  is  usually  given  as  0.0002 
microbars — the  minimum  auditory  threshold  for  normal  young 
adults.  An  equivalent  reference  level  is  given  as  20  micro¬ 
newtons  per  square  metre  (20uN/m2) ;  both  reference  levels 
are  assigned  the  pressure  level  of  zero  decibels.  Figure 
1.1  represents  the  typical  levels  for  various  noise  sources 
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Figure  l.l:Typical  A-weighted  sound  levels  for  selected  noise  sources. 
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and  noise  environments.  A  soft  whisper  registers  at  30  dB, 
and  has  an  equivalent  sound  pressure  of  0.0063  microbars; 

60  decibels,  the  sound  level  pressure  near  a  freeway,  has  a 
corresponding  sound  pressure  of  0.2  microbars.  A  newspaper 
press  produces  20,000  microbars  or  100  dB,  while  the  sound 
pressure  level  of  180  dB  produced  near  a  rocket  launch  pad 
corresponds  to  a  pressure  of  200,000  microbars. 

The  rate  at  which  variation  in  atmospheric  pressure 
occurs  (the  frequency)  is  measured  in  terms  of  the  number 
of  times  that  a  periodic  quantity- — tte  sound  wave  in  this 
case--repeats  itself  in  a  given  interval  of  time.  A  frequency 
of  one  cycle  per  second  (c/s)  is  termed  a  hertz  (Hz) . 
Frequencies  can  be  classified  as  being  sonic  (20-20,000  Hz), 
ultrasonic  (above  20,000  Hz),  and  infrasonic  (below  20  Hz). 
Most  hearing  and  noise  exposure  problems  are  associated  with 
the  sonic  range. 

Reaction  to  a  sound  is  dependent  on  the  overall  sound 
pressure  level,  as  well  as  on  the  composition  of  the  sound 
as  a  function  of  frequency.  The  frequency  distribution  of 
the  sound  energy  over  the  audible  range  can  be  analyzed  by 
electronically  separating  the  acoustic  energy  into  various 
frequency  bands.  An  analysis  of  three  sounds  is  shown  in 
Figure  1.2  using  a  series  of  bands  called  octave  bands, 
each  of  which  covers  a  2-to-l  range  of  frequencies.  A  band 
level  is  produced  for  each  particular  band.  Lines  A,  Aj^ 
represent  the  frequency  distribution  for  two  tones  having 
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Figure  1.2:0ctave  band  analysis  of  three  sounds.  Lines  A,A1  represent  the  frequency  distribution  for  two  tones  having  the 
same  total  sound  pressure.  Line  B  represents  the  distribution  for  the  noise  produced  by  a  calculating  machine. 


Source:Bauman,1971,  Peterson  and  Gross, 1967 
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the  same  total  level  of  98  dB.  Line  B  represents  the  dis¬ 
tribution  produced  by  a  calculating  machine  with  a  total 
level  of  74  dB. 

The  sound  fields  produced  by  various  sound  sources  are 
dependent  on  the  type  of  waves  being  emitted.  Spherical  waves 
radiate  equally  in  all  directions  from  a  theoretical  point 
source .  Plane  waves  radiate  from  a  large  sound  source.  Free 
field  conditions  exist  where  there  are  no  reflecting  surfaces 
in  the  vicinity  of  the  source,  and  where  no  interference  exists 
'from  other  sound  sources.  Under  such  conditions,  the  sound 
pressure  level  produced  by  a  point  source  is  the  same  in  every 
direction  at  equal  distances  from  the  source.  The  pressure 
amplitude  decreases  from  the  source  according  to  the  inverse 
square  law  where  the  sound  intensity  is  halved  for  each  doub¬ 
ling  of  the  distance  from  the  source — usually  expressed  as  a 
decrease  in  the  sound  pressure  level  of  6  dB.  A  single  measure¬ 
ment  of  the  pressure  level  at  a  known  distance  from  the  source 
can  establish  what  the  sound  field  will  be,  provided  the  output 
at  the  source  is  known.  In  the  case  of  plane  waves  under  free 
field  conditions,  the  pressure  level  does  not  decrease  with 
increasing  distance  from  the  source  (Peterson  and  Gross,  1967). 

Usually  such  idealized  sound  fields  do  not  exist  in 
an  outdoor  noise  environment.  Media  are  not  'ideal'  and 
sound  waves  dissipate  with  distance.  Energy  is  lost  with  - 
such  dissipation,  and  the  amplitude  is  decreased.  Thus,  the 
amplitude  of  plane  waves  does  decrease  with  distance,  and 
the  decrease  for  spherical  waves  is  greater  than  predicted 
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by  the  inverse  square  method  (Beranek,  1954) .  The  require¬ 
ments  for  ideal  conditions  will  usually  not  be  met  due  to 
variation  in  atmospheric  conditions,  and  interference  from 
other  sound  sources  or  surfaces  nearby;  these  factors,  acting 
alone  or  in  conjunction,  could  produce  a  semi-reverberant  or 
a  totally  diffuse  sound  field.  Moreover,  sound  sources  are 
not  usually  simple  point  source  emissions,  but  complicated 
plane  wave  sources  where  sound  is  not  radiated  uniformly  in 
all  directions.  In  such  cases,  directional  waves  are  produced 
which  are  subjected  to  the  same  deviation  from  ideal  condi¬ 
tions  as  the  spherical  and  plane  waves  (Beranek,  1971) . 

The  effect  of  change  in  the  apparent  loudness  of  a 
sound  due  to  variation  in  frequency  response,  is  incorporated 
into  sound  measuring  equipment  by  providing  weighting  net¬ 
works  ,  the  three  most  common  being  the  'A',  'B',  and  'C 

scales,  shown  in  Figure  1.3.  The  A-weighted  dB  scale,  des¬ 
ignated  as  dB(A),  provides  a  good  approximation  of  the  ear's 
perception  of  sound  at  moderate  levels.  The  dB (A)  scale 
selectively  discriminates  against  low  frequency  energy,  and 
to  a  lesser  degree,  against  high  frequency  energy.  It  thus 
conforms  to  the  variation  in  apparent  loudness  produced  by 
different  sounds  set  at  moderately  low  intensity  (Sub¬ 
committee  on  Vehicle  Noise,  1970) .  The  dB (A)  network  also 
describes  the  damaging  auditory  threshold  shifts  which  occur 
at  high  pressure  levels,  de-emphasizing  the  less  dangerous 
low  frequency  sounds.  Easily  determined  by  the  use  of  a 
sound  level  meter,  the  dB (A)  scale  is  the  best  available 


1  r*. 

sriT  .(^5eX  ,^9n£iea)  botiJsm  aieupe  ssisvnl  orU  Yd 

^  : 

oi  idm  ©d  dod  IIxw  ancidibrroo  Xssbi  loi  Edfism 

mo'i^  oort9^a3:^©:frri  bn©  » enoiixbnoo*  oxtcadqaomdB  flx  noid'fiiiBV 

’  '•3  , 

pnido©  seedd  x^di-xesn  asosiii/s  ^6  asoiiroe  bnuos  :i©ddo 


i[0  d/LBT9di9vox- i/nsfe  -rfl  soubottq  bluoo,^  ^noidont/rnoo  ni  "xo  srtols 
9TB  escxtfOB  bnuoE  ,T9V09XoM  ,  .bXsii  bnxfQB  lb 

.j.  >  , 

badsoxlqmoo  di/d  .anoiesinio  eoTuoe  dnioq  sXqmla  Y-tXfwaui  don 
fix  bsdBxb^x  don  bI  bntfos  ©xodv/  sso’iuoB  ©vsw  ©rcfiXq 

DQouboTq  ©TB  89VBW  X6ndxdo9Tib  v298bo  floi/a  nX  ,  anoxdodxXb  XXb 


•i, 

-xbnpo  Xssbx  moxi  noldBxvsb  s/ubb  srid  od  b©do©tci^®  rfoXriw 


.  (xrei  ,>{9ftBT9a)  29VBW  anjBlq.  b/ifi  XBDXTsdqe  arid  bb  afloxd 
6  io  BsanbuoX -dnsTBqcB  ©rid  nx  ©ipnBrio  io  dosiis  sriT 

•s 

badBToqToonx  ai  ^sanoqeaT  ^onsups'i^r^  noxdBXTBV  od  sub  bni/oa;  ^ 
-dsn  pnxdripxaw  pnxbxyoxq  y^^  dnsmqxL^pa  pniTiraeairr  bnoba  odnl  . 

•O'  bnB  ,'a’  ,‘AV  erid  pnxed  nomraoo  dao/n  ssTrid  add  e^ttow-  J 

'  '  -B9b  ^sIbob  ab  b9dripx9w-A  ariT  .C.I  ©Ti;pl'=!  ni  nworia  .ssXfioa  | 

1^  ,  t  j  .  .  _  , 

a'TBS  arid  do  noxdBmxxoTqqB  boop  &  aeblv'OTq  ,(A)ab  ^bs:^&api 
^  '  8l6D8  (A)ab  srlT  .aleveX  edBTsbon  d's  bnuo©  do  noidqdOTsq 

’  bfiB  \'onsupei’i.  woX  denxBpB  29dBnxmiToaxb  Yl^vidoslse  - 

T.  ■  ■  I  i 

*  BUrfd  dl  yioneupsi'i  ripxri  danispB  *99Tp9b  TOBaaX  od  _j 

■  ‘  .<•.  ,  '  1 
Yd  baouboTq  BssnbuoX  dnsTBqqs  ni  noxdsxTBV" arid  od  amxodnoo 

,  /  "^#il  -dt/8)  wol  d©  daa  abnooa  dneieddib 

oeXfi  dTowdan  (A)Sb  9riT  .  (OVGX  ,98xoW,  9Xoiri9V  no  ssddim/noo 
Tuooo  fioxriw  addxrfe  bXoriB9Trid  Y^^^^-^bjjB  pnxpt-TTBb  ©rid  asdiToesb 
BL'OTspnBb  8891  ©rid  pnxsxeEriqm9‘-eb  v5X9V9X  ©TL'ceexq  riplri  ds  ' 


B  do  981/  ©rid  Yci  b9nxmT9d9b  YXXasa  .  abnuoa  v^naL^psTd  woX 

*  I 

sldBllBVB  d89d  erid  ai  .(A)ab  ©rid  ^Todo/rr  I&veX  bnriOB 


RELATIVE  RESPONSE  -  DECIBELS 


Figure  1.3:  Internationally  standardized  frequency  response  for  general  purpose  sound  level  meters. 


Source:  International  Electrotechnical  Commission,  IEC/123-1961. 
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standard  for  setting  and  enforcing  noise  legislation  (Land 
and  Jansen,  1970).  It  must  be  remembered  that  when  a 
weighting  network  is  used,  measurement  is  in  terms  of  sound 
levels;  only  when  the  total  flat  (linear)  response  is 
measured,  are  sound  pressure  levels  being  monitored. 

Psycho-acoustical  classification  of  a  sound  as  consti¬ 
tuting  a  noise,  involves  rating  sounds  according  to  loudness 
level  or  loudness  rather  than  scaling  on  an  absolute  basis. 

A  set  of  equal  loudness  levels  contours  which  has  been 
internationally  standardized  is  shown  in  Figure  1.4.  The 
method  is  derived  principally  from  the  work  by  Barkhausen 
(1926) ,  and  consists  of  the  subjective  comparison  of  the 
loudness  level  of  a  given  sound  with  that  of  a  1,000  Hz  tone 
of  known  sound  pressure  level.  The  intensity  of  the  1,000  Hz 
tone  has  been  defined  as  the  loudness  level  in  phons ,  the 
diagram  showing  how  the  loudness  levels  of  pure  tones  with 
constant  sound  pressure  level  vary  with  frequency.  Proceeding 
from  this  relationship,  it  can  be  seen,  for  example,  that 
according  to  the  50  dB  contour,  a  59  dB  level  at  100  Hz  is 
just  as  loud  as  a  50  dB  1,000  Hz  tone.  Similarly,  it  can 
be  found  that  a  50  dB  100  Hz  tone  approximates  the  38  dB 
1,000  Hz  tone.  A  determination  of  loudness,  based  on  the 
psychological  response  of  an  observer  to  loudness  level 

ratios  of  sounds,  has  been  developed  in  terms  which  classify 
sounds  as  being  'soft'  or  'loud.'  The  relationship 

between  loudness,  measured  in  sones ,  and  loudness 
level  is  shown  by  the  scale  in  Figure  1.4;  it 
is  based  on  the  fact  that  a  two  fold  change  in 
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loudness  equals  a  change  in  sound  intensity  of  10  dB  (phons) , 
and  can  be  expressed  as  S  =  (International 

Organization  for  Standardization,  ISO/R  131-1959) . 

Various  procedures  have  been  developed  to  further 
explain  the  relationships  of  psycho-acoustical  phenomena. 

The  underlying  basis  for  these  derivations  is  the  energy 
distribution  of  a  sound  as  a  function  of  frequency.  A 
knowledge  of  this  distribution  gives  a  better  estimate  of  the 
probable  subjective  effects  of  the  sound  than  simply  knowing 
the  overall  sound  pressure  level. 

Unlike  the  concept  of  loudness,  the  concepts  of  annoy¬ 
ance  and  noisiness  have  not  been  firmly  established,  and  do 
not  seem,  at  present,  to  be  predictable  from  measured  physical 
parameters.  The  many  psychological  aspects  involved  in  annoy¬ 
ance  determination  makes  it  difficult  to  define  and  measure 
a  largely  perceptual  concept  (Kryter,  1970) .  Kryter  (1959) 
has  attempted  to  quantify  the  concept  of  noisiness  in  rela¬ 
tion  to  aircraft  induced  noise,  by  developing  the  perceived 
noise  level  scale  (PNdB) ;  to  date,  this  scale  has  been 
successfully  applied  only  in  conjunction  with  aircraft  noise. 

Broch  (1969)  summarizes  the  general  trends  for  annoy¬ 
ance  effects,  even  though  these  can  not  be  physically  scaled. 
Annoyance  is  related  to  the  loudness  of  a  sound;  when  a  sound 
is  judged  to  be  louder,  it  is  normally  also  judged  to  be  more 
annoying.  High  frequency  (or  pitch)  sound  appears  to  be  more 
annoying  than  sound  having  its  major  intensity  distributed 
in  the  lower  frequencies.  If  the  sound  is  intermittent. 
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irregular,  or  rhythmic  in  nature,  it  would  probably  be 
considered  as  more  annoying  than  a  sound  with  the  same 
physical  dimensions  or  even  the  same  loudness  --  that  has 
a  'steady'  occurrence.  Finally,  the  location  of  sound  in 
relation  to  the  listener  is  important  in  determining  annoy¬ 
ance;  if  the  sound  source  is  fixed  and  can  be,  furthermore, 
located  by  the  observer,  it  will  generally  be  less  annoying 
than  if  it  moves  and  can  not  be  localized  (diffuse  field) . 
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CHAPTER  II 


THE  NOISE  ENVIRONMENT  IN  JASPER  NATIONAL  PARK 

2.1  Noise  Sources 

The  distinction  between  sound  and  noise  as  presented 
in  Chapter  1,  can  be  applied  to  the  particular  situation  of 
Jasper  National  Park  by  distinguishing,  on  the  one  hand, 
between  sound  environments,  and,  on  the  other  hand,  noise 
environments.  The  sound  environment  of  the  Park  refers  to 
the  ambient  levels  produced  in  a  natural  setting  by  any 
element  or  combination  of  elements  within  such  a  systemc  The 
sound  produced  by  wind  in  trees,  or  by  falling  water  provide 
examples.  A  noise  environment — for  the  purpose  of  this  study- 
is  produced  by  an  interjection  of  human  activity  into  a 
natural  setting,  a  superimposition  of  noise  on  the  sound 
environment.  Both  the  motor  vehicle  and  hiker  are  elements 
of  the  noise  environment,  although  they  differ  in  their 
contribution  to  the  noise  environment  in  terms  of  intensity 
and  impact.  Noise  environments  are  intrusions  into  the  nat¬ 
ural  sound  environment  of  the  Park. 

Human  activity  and  its  noise  production  in  the  Park 
can  be  divided  into  three  main  categories : 

(a)  Urban-centered  activity,  comprising  administrative > 
commercial,  transportation  and  residential  functions, 
and  their  multivaried  interaction. 
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(b)  Transportation  activity,  including  road,  rail,  and 
air  networks . 

(c)  Recreation  activity,  a  broad  category  including  all 
outdoor-oriented  activities  and  facilities  which 
emphasize  the  use  of  the  physical  habitat  of  the 
Park;  water-based  sports,  hiking,  and  camping  are 
examples . 

It  should  be  emphasized  that  the  above  classification 
has  been  devised  simply  as  a  convenient  method  for  a  logical 
and  substantive  monitoring  system.  While  some  activities  fit 
into  one  or  other  of  the  categories  exclusively,  others  might 
fit  into  more  than  one.  Jasper  Park  Lodge  (inset  map)  exem¬ 
plifies  the  latter  situation.  An  extensive  and  sophisticated 
physical  plant,  infrastructure,  and  indoor  activities  gives 
the  Lodge  an  urban  aspect.  Yet,  it  is  a  resort,  owes  its 
existence  to  the  physical  setting  of  the  Park,  and  can  be 
classified  as  a  recreation  activity.  Thus,  although  based  on 
interpretation,  the  classification  is  not  arbitrary,  and  serves 
the  primary  purpose  of  encompassing  all  human  activities  under 
a  logical  system  for  the  monitoring  of  noise  production. 

2.2  Noise  Monitoring 

The  problem  of  analyzing  a  complex  and  varied  noise 
environment  in  a  limited  time  period,  necessitated  the  con¬ 
centration  of  samples  on  what  appeared  to  be--by  field 
observation,  and  a  series  of  random  samples — the  most  rele¬ 
vant  and  outstanding  sources  of  noise  production  in  the 
Park.  The  problem  of  limiting  the  scope  of  analysis  was 
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exacerbated  by  the  negligible  documented  research  on  this 
type  of  noise  study  application,  and  the  consequent  lack  of 
guidelines . 

The  need  to  concentrate  the  sampling  resulted  in 
locating  the  study  area  in  the  Athabasca-Miette  rivers  valley 
system,  primarily  within  a  five  mile  radius  of  Jasper  town- 
site  (inserted  map-North  Sheet) ^  The  natural  tendency  for 
human  activity  to  be  concetrated  in  valley  locations  in  the 
Park  is  evident  in  this  case.  The  valley  system  has  provided 
a  historic  passage  through  the  Rocky  Mountains,  and  the  gap 
continues  to  be  utilized  by  modern-day  transcontinental 
transport  systems.  In  conjunction  with  secondary  expansion 
associated  with  the  functioning  of  the  Park,  and  an  increasing 
recreation  demand,  this  utilization  has  produced  the  heavy 
'tunnel'  development  in  the  area,  with  Jasper  townsite  acting 
as  the  focal  point. 

Sampling  involved  monitoring  noise  with  a  sound  level 
meter  on  the  flat  scale,  and  recording  the  noise  on  a  sensi¬ 
tive  tape  recorder.  A  graphic  trace  was  produced  using  the 
dB (A)  scale  for  analysis  (Appendix  II), 

Jasper  townsite  was  monitored  as  an  urban  noise  source. 
Ten  sampling  locations  were  chosen  to  give  an  evenly-dis¬ 
tributed  areal  coverage  (Figure  2,1).  After  testing  for  level 
uniformity,  readings  of  fifteen  minutes  duration  were  taken 
for  the  mid-day  period  (1200  to  1400  hours)  and  evening  (L900 
to  2100  hours) .  A  total  of  eighty  readings  were  used  in 
determining  daily  as  well  as  seasonal  variation  in  noise 
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Figure  2.1.  Location  of  sampling  points  in  Jasper  townsite. 
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production . 

A  valley  transect  was  carried  out  in  the  Athabasca 
River  valley  along  a  bearing  through  the  townsite.  Noise 
samples  were  taken  at  thirteen  sites,  shown  in  Figure  2.2, 
to  determine  the  propagation  of  noise  in  this  section  of  the 
valley . 

A  second  transect  was  taken  in  the  Miette  River 
valley,  involving  eight  sites  (Figure  2.3).  Monitoring  was 
specifically  directed  at  transportation  noise  originating 
from  the  Yellowhead  Highway  and  the  Canadian  National 
Railways  line. 

Several  samples  were  obtained  at  both  the  East  and 
West  Gates  of  the  Park  in  order  to  record  the  noise  prod¬ 
uced  by  decelerating  and  accelerating  heavy  trucks  and  semi¬ 
trailers  . 

It  was  often  possible  to  monitor  more  than  one  activ¬ 
ity  at  any  sampling  site,  either  concurrently,  or  separately. 
Thus,  both  transportation  and  urban  noise  sources  were  studied 
in  the  Athabasca  valley  transect.  Similarly,  sites  seven  and 
eight  in  the  townsite  were  used  to  monitor  trains  heading  east 
and  west  under  different  conditions  of  grade.  Differences  in 
the  noise  production  for  cars  and  commercial  vehicles  were 
recorded  by  using  both  urban  and  transect  sites. 

A  number  of  sites  were  used  in  an  attempt  to  evaluate 
the  noise  attenuation  characteristics  of  topographic  features 
which  involve  a  break  of  slope  and,  as  a  consequence,  provide 
an  obstruction  in  the  line  of  sight  to  a  noise  source (s) . 
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Figure  2.2. Athabasca  River  valley  transect  in  plan  and  profile,  showing  the  location  of  sampling  sites. 
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Figure  2.3.Miette  River  valley  transect  in  plan  and  profile,  showing  the  location  of  sampling  sites 
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A  similar  evaluation  involved  the  attenuation  character¬ 
istics  of  varying  vegetation  cover,  with  particular  emphasis 
placed  on  sites  fifteen  to  eighteen  in  the  Athabasca  valley 
transect . 

In  all  instances,  potentially  significant  factors 
(weather  conditions,  aspect,  elevation,  etc.)  were  noted; 
whenever  these  appeared  to  be  relevant  to  the  particular 
case,  they  were  included  in  the  analysis.  In  all,  a  total 
of  one  hundred  fourteen  samples  were  analyzed  in  this  study 
and  used  to  derive  the  information  presented  in  Chapter 
Three . 

2.3  Monitoring  a  Complex  Sound  Field 

The  lack  of  an  automatic  sound  meter,  to  be  used  as 
a  control  on  measurements,  made  it  unfeasible  to  relate  noise 
levels  measured  at  any  particular  site  to  an  absolute  level 
produced  at  the  source (s).  In  the  absence  of  such  a  control, 
any  estimate  of  the  attenuation  produced  as  a  function  of 
distance  would  have  had  to  be  made  on  the  assumption  that  point 
or  directional  sources  were  present  in  the  area,  and  operating 
under  free  field  conditions.  Testing  for  the  inverse  square 
law  operating  under  such  conditions  failed  to  produce  the 
predicted  values.  It  appeared,  that  rather  than  an  idealized 
free  field,  a  complex  sound  field  operated  in  the  valley 
system. 

Sound  waves  from  a  variety  of  directional  sources, 
some  stationary  and  others  in  motion,  would  tend  to  produce 
sound  interference,  either  by  competing  for  the  same  air 
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space,  or  by  being  out  of  phase  with  each  other.  When  acting 
in  conjunction  these  waves  would  amplify  the  levels;  when 
acting  in  opposition  to  each  other,  the  waves  would  diminish 
levels,  or  distort  sounds.  At  any  particular  instant,  a  site 
may  intercept  an  unknown  combination  of  interfering  waves. 

Aside  from  wave  interference,  various  factors  influ¬ 
ence  the  outdoor  propagation  of  sound,  Sound  waves  are 
affected  by  the  constant  movement  of  the  atmosphere  through 
which  they  pass;  turbulence,  temperature,  and  wind  gradients, 
as  well  as  reflection  from  various  surfaces  combine  to  change 
the  intensity,  and  cause  fluctuations  in  the  sound  received 
at  a  particular  site.  The  longer  the  transmission  path  through 
the  air,  the  more  variable  the  average  amplitude,  and  the 
greater  the  fluctuations  in  the  intercepted  sound  (KUrze 
and  Beranek,  1971) . 

Although  it  is  beyond  the  scope  of  this  study  to 
determine  the  actual  contribution  made  by  various  factors  in 
producing  the  particular  sound  field  in  the  Athabasca-Mietre 
valley  system,  several  of  these  factors  would  appear  to  be 
particularly  important  and  deserve  further  discussion. 

The  speed  of  wave  transmission  in  the  atmosphere  varies 
with  temperature:  At  0  degrees  Centigrade,  the  speed  of  sound 
is  1,087  feet  per  second;  at  100  degrees,  the  speed  is  1,266 
feet  per  second.  Due  to  this  variation  in  velocity,  waves  - 
will  be  bent  (refracted)  when  passing  from  one  air  mass  to 
another  with  different  temperature  characteristics.  In  some 
cases,  temperature  differences  can  be  extreme  enough  to  cause 
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total  reflection,  the  dividing  line  between  the  air  masses 
becoming  a  barrier  to  the  sound  wave.  In  the  case  of  the 
valley  system  being  studied,  site  location  ranged  over  a 
vertical  distance  of  about  one  kilometer  (3,300  to  6,600  feet 
above  sea  level) ,  Aside  from  the  temperature  gradient  that 
would  exist  in  the  valley  due  to  the  environmental  lapse  rate, 
vertical  thermal  stratifications  would  probably  exist  due  to 
the  uneven  heating  and  cooling  of  the  air  in  the  valley.  More¬ 
over,  temperature  variation  would  be  further  increased  by  the 
localized  effect  of  slope  heating  of  the  air.  The  total 
result  of  these  variations  would  be  a  thermal  distortion  of 
an  already  complex  sound  field  in  the  valleys o 

Wind  noise  proved  to  be  a  consistently  severe  problem 
in  the  actual  monitoring  process.  The  usual  positive  wind 
gradient  that  exists  near  the  ground,  that  is,  an  increasing 
wind  velocity  with  height,  operated  in  the  valley  system. 

Wind  velocities  were  increased  by  the  channeling  effect  of 
segments  of  the  valley  system  on  the  predominant  westerly 
flow  of  air.  On  exposed  slopes  in  such  areas,  winds  often 
reached  twenty  miles  per  hour,  while  at  high  elevations,  thirty 
miles  per  hour  winds  were  not  unusual c  Wind  noise  is  produced 
by  the  turbulence  set  up  when  the  wind  blows  past  the  micro¬ 
phone  on  the  sound  meter.  An  increase  in  the  velocity  produces 
an  increase  in  the  noise  intensity  (Figure  2o4).  The  top  ■ 
curve  represents  the  noise  level  produced  by  wind  flowing  past: 
a  microphone  as  a  function  of  velocity:  The  bottom  curve 
results  when  monitoring  is  done  with  the  addition  of  a 


89886ni  nssw^sd  9X1x1  pnxbivxb  ©xtd  , froU'0®159‘3  l^^od 

«  >• 

srlj"  io  98£D  sxld  nl  .9V6W  5xiiJ08<«9rid  od  'X9X‘X16Cl  fi  pxixinoo9cl 
A  xevo  xioxdBDoI  sdxe  ^baxbixds  prfi©d  msdsYS 

■  'll 

i99^  00d»a  ol  00£^C)  X9d9moIx5(  eao  :tuodA  5o  aofiBdaxb  iBoidxev 

’ll-  •  --V-'T'  ■■  - 

■  -  t  ■  - 

itBxid  d-nsxbfixp  9:iudBX9qni9j  sxli  raoT[5  ebieA  •  (IsvsX  flsa  svodB 
,sdBX  ssqBl  iBdnsmnoixvns  axi^  od  sub  y^IIav  ©rid  nl  delxa  bXt/ow 
od  9r/b  d8xx9  bluow  8noxdfioxlldB3:?a  lBnn9xld  Xsoidisv 

“9XoM  .y©XXsv  9xli  xii  -xis  9rid  16  pnxXooo  bnB  pnxdBsd  nsvani/j  9xi:r 

:  j ' 

9rl:r  bsaBsxonx  xsrldxi/l  9d  bXjjow  noxdjsxxev  ©xrrdBXsqmdd  ^xsvo 
l'  Jb:^c1  arlT  ,iiB  sxid  lo  pxixdBsri  ago! a  lo  doelia  baalXfiooI 

I  io  noxdiodaxb  iB/nxsxld  b  ad  bluow  anoxdBXXBV  asaxid  io  dli/ea*! 

a  ■>‘-' 

.aYsilfiv  arid  nx  bXaxl  bni/os  xalqxnoD 

N.  ' 

maldoiq  exavaa  b  ad  od  ^Javoxq  aaioxi  biixW  wiid 

i 

bniw  avxdxaoq  iBuau  axiT  ,  aeaooiqi  pnxxodxnoin  Isi/doB  arid,  nx 
pnxaBaxonx  ns  »ax  dBxld  ^bnuoxp  arid  xsan  adaixa  darid  dnslbfiip 
.madaYa  arid  nx  badBiaqo  ,dripxari  ridxw  Y^-^^oXav  bnxw 

HE 

lo  doaiia  pnxXannBrio  arid  yc^  baaBaioni  adaw  eaxdxoolev  bnxW 
Y'^'^®^2aw  dnBnxmobaxq  arid  no  madaY^  ®rij  io  ednanipaa 

i  .  r  t  .7-,.  ”  •* 

*V  -  -  ■ 

nadio  abnxw  ,es9dB  xloue  nl  aaqoXa  baaogxa  riO  »i1a  io  woXi 

•*'  I 

Ydxxrid  ^ anoidBvaXa'^riplri  ds  aixriw  ^duori  leq  aaixm  Y^n®'^^'^^®rios©d. 
baoubodq  ax  salon  bnlW  .iBnannu  don  aiaw  ebnlw  xuoii  xaq  eallra 
-oxoim  arid  dasq  awoXd  bnxw  arid  nariw  qn  das  aonalr/dxud  axld  Y^i 
aaouboxq  Y-ll^^oxav  arid  nx  aasexonl  nA  .ladaffi  bnixoe  arid  no  anoriq 

4 

qod  axfr  »,  axupx'a)  Y^isnadni  aslon  arid  nx  ssAoionl  ns 
jasq  pnXwoXi  bnxw  y^  baoi/bonq  lavaX  asxon  arid  adnsaaxqex  avxtro 

-  -  ^  .■  f  i' 

•.  avxuo  xnoddod  ariT  :Y-di:o0i9v  io  noxdonui  s  sb  enoriqodolciiiB 
6  io  noxdlbbfi  arid  ridxw  snob  sx  pnx"iodxno«.  nariw  adXuaax 


■y  (  v'"'' 


4 


Overall  sound-pressure  level,  dB  re  20  /xN/m^  rms 


12.4  24.8  37.2  49.6  62.0  74.4  m 


Figure  2.4:  Wind  noise  as  a  function  of  wind  speed. 


Source:Bruce,1971 
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spherical  wind  screen.  Both  microphone  and  wind  screen  are 
of  the  type  used  in  this  study.  If  the  turbulent  noise 
reduction  for  a  given  microphone-windscreen  combination  is 
known,  it  can  be  determined  whether  the  measured  noise  levels 
are  caused  by  the  wind,  or  are  due  to  the  noise  source  (Bruce, 
1971).  The  levels  are  measured  with  and  without  the  screen. 

If  no  change  occurs  for  the  two  readings,  the  desired  level 
was  measured  at  both  times.  If  a  change  occurs  that  is 
equal  to  the  experimentally  determined  turbulence  noise 
reduction,  it  is  assumed  that  both  readings  have  been  domi¬ 
nated  by  wind  interference.  A  change  that  is  less  than  the 
expected  reduction  would  make  the  reading  for  the  exposed 
microphone  the  level  produced  by  wind  noise,  and  the  level 
recorded  for  the  screened  microphone  would  be  the  level 
produced  by  the  source.  In  testing  for  interference,  dif¬ 
ferences  for  screened  and  unscreened  readings  approximated 
the  experimental  values  for  locations  where  strong,  con¬ 
sistent  winds  were  observed,  indicating  the  dominant 
influence  of  wind  noise  on  the  meter.  Screening  in  sites 
with  small  wind  velocities  eliminated  wind  interference; 
Unfortunately,  when  recording  at  'quiet'  locations,  wind 
gusting--a  common  phenomenon  in  valley  bottom  sites-- 
tended  to  re-introduce  wind  noise  into  the  sample. 

As  in  the  case  of  thermal  gradients,  wind  gradients 
tend  to  cause  refraction  of  sound  waves.  Upwind  of  a  sound 
source  the  gradient  tends  to  bend  the  waves  upward,  creating 
a  'shadow  zone'  into  which  sound  penetrates  only  by 


9!ifi  nssiDe  bniv  bfi£  ©noriqouolni  .nssioa  bniw  iBoi^sriqe 

salon  :tn9lwdio:>  51  aid!  nl  beav  eqY^ 

•T 

el .  noidBnidmoo  neotiosbnlw-snoriqbioxiit  nsvip  s  noldoubo*! 

eXdVdX  salon  bsttueesni  9ri5  i^ridsriw  bsnlni'isdsb  ad  n&o  J1  ,nwon^ 

C 

*sot/ifi)  so'SiJOB  eelon  siid  od  sii/b  stiB  “lo  ^bnlw  9rl5  b&auBO  Qi& 

Aj 

.ns03oa  arid  di/oridlw  bn®  rldxw  bstiuefis/n  stfi  .aiavsl  sdT  .  (ir€l 
Isvsl  bsdiasb  arid  ^apnlbBSi  owd"  srfd  lod  exuooo  spnado  on  51 
al  dBrid  Bduooo  ^pnsrio  b  51  .esniid  ridod  ds  bedixaBsm  aBW 

'  '  ^  r 

salon  sonoli/d'iud  benxflX'iedsb  Yi-Cs^^®^d:i9qxe  arid  od  laupo 

t 

-xmob  need  svBrf  apnibBei  ridod  dsrid  bsmuaaB  al  di  ,noldor/bei: 
arid  narid  aasl  ax  darfd  opnBrib'A  .  9onsd©5*j©dni  bnlw  yc^  bsdBn 
baaoqxs  arid  io5  pnxbBsi  srid  s^(b01  bit/ow  noldorjba^  bsdDsqxa  ’’ 
lavoX  arid  bn®  ,  salon  bnlw  y^I  bsoub^q  XsveX  ©rid  snoriqo’iolm  - 
XavsX  BdJ  ad  bXnow  snoriqo^colm  beneBZoa  ©rid  do5  bab'i^ooo:! 
-51b  »aoaed95i9dnx  'io5  pnxdaad  nl  .soiuoa  arid  y<^  baouboiq^ 
bsdBmxxoiqqB  apnxbBsi  bsnesdoanu  bns  bafisBioa  105  aaoneied 
-noo  YpfJOdda  ©isriw  anoxdBooX  io5  asuXav  XBdnsmxdaqxa  arid 
dnanlmob  arid  pnldsoibni  ^bsvisado  aisw  abnlw  dnsdaia 
89dle  nl  pninsaioS  .‘xadsm  arid  no  aelon  bnlw  5o  aonai/Xdnl 
;9onoi95i©dnx  bnlw  badsnlmlXa  aaxdlooXav  bnlw  XXfima  ridlw 

f.  ^ 

i 

bnlw  ^anoldfiool  ’daxnp'  d®  pnxb'xooai  nsriw  ,  Y^®^J5ni/dio5nO 

•  ,(  — raadla  inoddod  nonsmonsriq  nommoo  fi--pnxdanp 

?!  '  ^ 

.slq/BBE  ©rid  odnl  salon  bnlw  sonbo3dnl-9i  od  bsbnod 

adnslbBip  bnlw  ^adnslbBip  lenrcsrid  5o  ae£0  arid  nl  aA 
bnnoE  B  5o  bnxwqu  .asvBw  bauoe  5o  noidoBidei  sei/so  od  bnsd 
pnldfisio  ibiBwqn  asvBW  arid  bnad  od  tbnad  dnslbcip  arid  bo'iuob 
Yd  Y-tno  esdflidsnsq  bnxfoe  rioiriw  odnl  *9nox  wobBria'  6 


32 


diffraction  (using  a  barrier  to  produce  a  second  set  of  waves) , 
or  by  turbulence  (Kurze  and  Beranek,  1971) .  Downwind,  the 
waves  are  bent  downward,  and  intensify  the  surrounding  levels. 

The  illustrated  complexity  of  the  sound  field  in  the 
study  area,  can  be  visualized,  by  considering  the  inter¬ 
relationship  of  two  of  the  varied  factors  influencing  the 
sound  field — temperature  and  wind  gradients--for  a  hypotheti¬ 
cal  case  (Kurze  and  Beranek,  1971).  In  the  presence  of  a 
strong  negative  temperature  gradient  (large  lapse  rate) ,  and 
low  wind  speed,  a  noise  source  may  be  completely  surrounded 
by  a  'shadow  zone.'  The  same  source  can  radiate  symmetrically 
as  in  a  free  field  when  a  strong  positive  temperature  gradient 
exists  (an  inversion) ,  and  under  conditions  of  low  wind  veloc¬ 
ities.  These  situations  could  potentially  operate  in  the  case 
of  isolated  noise  sources  in  the  study  area,  under  conditions 
of  clear,  hot,  afternoons,  and  clear,  calm,  cold  nights, 
respectively — these  being  the  times  when  the  appropriate  gra¬ 
dients  could  best  be  expected  to  exist. 

The  other  major  problem  in  sampling  involved  the 
difficulty  of  recording  during  periods  of  heavy  rainfall;  the 
sound  produced  by  rain  often  prevented  the  sound  level  meter 
from  registering  noise  production.  Mean  monthly  values  for 
rainfall,  snowfall,  and  total  precipitation  at  Jasper  townsite 
are  given  in  Figure  2.5a.  Averages  are  based  on  a  thirty  year 
period  (1930  to  1960) .  Total  precipitation  is  the  sum  of  the 
rainfall  and  the  water  equivalent  of  the  snowfall,  the  latter 
taken  as  one  tenth  of  the  depth  of  snow.  Monthly  precip¬ 
itation  values  for  the  year  1971,  when  field  research  was 
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Figure  2.5a.  Mean  monthly  rainfall,  snowfall  and  total  equivalent  precipitation  in  Jasper  townsite. 


Figure  2.5b.  Monthly  rainfall,  snowfall  and  total  equivalent  precipitation  in  Jasper  townsite  for  1971. 
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being  carried  out,  are  given  in  Figure  2.5b.  The  water 
equivalent  is  measured  directly  in  this  case.  The  distri¬ 
bution  of  values  in  both  diagrams  show  the  tendency  toward 
a  high  summer  concentration  of  rainfall.  Since  the  major 
part  of  the  field  work  for  this  study  was  carried  out  in  the 
summer  season,  this  factor  of  high  rainfall,  plus  the 
unpredictable  mountain  weather,  and  the  frequent  occurrence 
of  localized  heavy  precipitation,  combined  to  cause  a  major 
interference  problem  in  the  process  of  noise  monitoring. 
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CHAPTER  3 


NOISE  PRODUCTION  AND  NOISE  SYSTEMS 

3.1  The  Urban  System 

Jasper  townsite  is  the  focal  point  for  human  activity 
in  the  Park.  A  study  of  the  townsite  was  carried  out  to 
determine  the  noise  environment  produced  by  this  urban 
development.  Major  noise  sources  were  identified,  and  their 
contribution  to  the  production  of  noise  was  analyzed  in  terms 
of  spatial  and  seasonal  variations. 

3.1.1  Sampling  Method  and  Limitations 

Analysis  of  the  noise  environment  in  the  townsite 
was  mainly  based  on  the  data  derived  from  the  ten  sample 
sites  for  the  time  periods  of  1200  to  1400  hours,  and  1900 
to  2100  hours.  The  noise  generated  in  both  weekday  and  week¬ 
end  situations  was  monitored  during  July  and  early  November, 
1971.  The  data  from  the  recordings  is  presented  in  Tables  3. 
la,  3.1b,  and  3.1c. 

The  mean  noise  level,  or  average  intensity  for  any 
particular  recording  (Table  3.1a)  is  related  to  the  corre¬ 
sponding  range  variation  during  the  trace  history  of  that 
sample  (Table  3.1b).  The  mean  becomes  increasingly  signif¬ 
icant  as  a  representation  of  the  noise  level  for  an 
individual  recording  as  the  extent  of  the  range  decreases, 
and  as  noise  intensities  tend  to  cluster  around  this  average 
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TABLE  3.1a.  MEAN  NOISE  INTENSITIES  FOR  TOWNSITE  SAMPLES 
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TABLE  3.1b.  NOISE  RANGE  LEVELS  FOR  TOWNSITE  SAMPLES 
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figure » 

Table  3.1c  has  been  included  to  augment  the  other 
two  sets  of  figures,  and  to  give  a  more  comprehensive 
picture  of  the  noise  situation.  The  noise  climate  represents 
the  range  of  sound  levels  recorded  for  80  per  cent  of  the  time 
at  each  locality  (the  sound  levels  between  10  and  90  per  cent 
levels) .  The  90  per  cent  level  is  used  as  an  overall  measure 
of  the  influence  of  'distant'  noise  sources  on  the  site 
being  monitored.  The  10  per  cent  level  represents  the  con¬ 
tribution,  both  from  a  distance  and  at  the  site  itself,  of 
intermittent  or  incidental  high  intensity  noise  production. 

The  use  of  the  noise  climate  rating  is  particularly  appro¬ 
priate  in  this  case  where  the  sites,  representing  residential, 
commercial,  and  industrial  land  uses  were  located  within  an 
area  of  less  than  three  quarters  of  a  square  mile.  In  spite 
of  the  buffer  effect  provided  by  buildings  in  the  townsite 
(with  a  potential  for  a  maximum  shielding  decrease  of  15  dB 
when  placed  between  a  sound  source  and  the  meter  [Wiener  et 
al.,  1965]),  noise  impingement  occurred  among  the  sites, 
and  could  be  readily  observed  in  several  graphs.  It  had  to 
be  assumed  that  such  interference  might  be  present  at  all 
the  sites  as  part  of  the  90  per  cent  level.  The  decreased 
range  involved  in  utilizing  the  noise  climate  procedure 
should  have  reduced  the  extent  of  interference,  and  provide 
for  more  mutually  independent  readings;  these  should  be 
based  on  noise  characteristics  that  are  representative  of 
the  locality  being  studied. 
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A  certain  degree  of  caution  is  necessary  in 
interpreting  the  noise  data.  Since  it  was  not  possible 

to  take  simultaneous  readings  for  the  entire  townsite,  it 
can  not  be  assumed  that  exactly  the  same  noise  environment 
was  being  monitored  at  any  given  time,  in  terms  of  either 
noise  production,  the  existing  noise  field,  or  weather 
conditions.  Thus  values  should  not  be  taken  as  being 
absolute  and  emphasis  should  rather  be  placed  on  the  general 
trends  and  patterns  present  in  the  noise  environment. 

3.1.2  Spatial  Patterns 

Differences  for  the  noise  parameters  from  site  to 
site  can  be  explained  in  terms  of  the  variation  in  noise 
production  existing  among  sites  at  any  instant.  The  sites 
tend  to  form  groups  which  show  similarities  in  their  noise 
characteristics  according  to  the  land  use  zone  in  which  they 
are  located.  Sites  1  through  4,  occupying  residential  areas 
(R) ,  tend  to  form  such  a  group.  Similarly,  sites  6,7,  and  8, 
located  in  commercial  zones  (c) ,  fall  into  a  separate  class. 
Sites  5  and  9,  with  a  semi-commercial,  semi-residential  land 
use  designation  (C/R)  appear  to  fall  between  the  commercial 
and  residential  groupings.  Site  10  has  an  industrial  classi¬ 
fication  (I) .  The  types  of  activity  associated  with  the  three 
zones  will  tend  to  produce  noise  sources  which  are  similar  in 
their  noise  output  within  each  grouping,  and  distinctly 
different  from  group  tOigroup. 
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3.1.3  Transportation  Noise  in  the  Townsite 

Noise  associated  with  transportation  activities 
constitutes  an  important  segment  of  the  total  urban  system. 

Railroad  activities  provide  the  major  transport 
noise  source  in  the  area.  Jasper  serves  as  a  divisional 
point  on  the  Canadian  National  Railways  transcontinental 
line,  regulating  an  area  from  Edson,  Alberta,  to  Blue  River, 
British  Columbia.  In  addition  to  the  regular  passenger 
and  freight  traffic  that  passes  through  the  Park,  a  large 
portion  of  the  bulk  freight  from  the  Alberta  Resources 
Railway  is  routed  through  the  valley  system.  The  shunting, 
stop-over,  and  passage  of  this  combined  traffic  through  the 
townsite  produces  the  noise  originating  in  the  railway  yard. 
Individual  noise  components  generated  by  coupling,  under¬ 
carriage  movement  and  idling  or  running  diesel  units  all 
contribute  to  the  overall  noise  production.  This  noise  was 
noticeable  throughout  the  townsite,  but  was  most  intense  in 
areas  surrounding  the  railway  yard.  One  discernible  side 
effect  was  the  rattling  of  window  panes  caused  by  noise- 
induced  vibrations.  The  sounds  produced  by  the  railroad 
were  most  apparent  at  night  or  during  other  periods  of  a 
subdued  ambient  noise  level.  Figure  3.1  shows  a  set  of 
graphs  produced  for  site  7,  representing  both  July  and 
November  readings.  In  both  cases  railyard  activity  was 
taking  place  in  the  form  of  idling  or  shunting  diesel  units. 
The  consistent  high  levels  produced  by  these  sources  can  be 
clearly  detected.  The  shunting  diesel  produced  a  distinctly 
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Figure  3.1.  Railyard  noise  production  as  monitored  at  site  7  for  the  weekend  period  in  July  and  November. 
The  cyclical  pattern  in  both  traces  is  derived  from  the  power  output  from  idling  or  shunting  diesel  units. 
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cyclical  trace  with  variations  caused  by  changes  in  the 
power  output. 

Approaching  and  departing  trains  generated  another 
distinct  type  of  noise  output.  A  major  variation  existed 
for  trains  approaching  from  the  west  as  opposed  to  those 
arriving  from  the  east,  the  difference  being  due  to  a  larger 
gradient  to  the  west.  The  graphs  in'  Figure  3.2  represent 
the  noise  traces  produced  by  the  CNR  Continental  (a  regular 
transcontinental  passenger  train)  entering  the  townsite  from 
opposite  directions.  In  the  case  of  the  westbound  train,  a 
level  stretch  of  track  to  the  east  of  the  townsite  allowed 
for  a  fast  approach,  causing  an  abrupt  meter  response.  The 
noise  from  the  idling  locomotive  was  suddenly  replaced  by  a 
rapidly  rising  intensity  due  to  the  incoming  train.  The  high 
intensity  was  of  short  duration,  dropping  rapidly  as  the 
train  came  to  a  quick  stop.  The  trace  represents  a  Doppler 
effect ,  where  sound  waves  are  compressed  in  front  of  the 
fast  moving  train,  and  elongated  at  the  rear.  This  produced 
the  rapid,  short-duration  peaking  as  the  train  passed  the 
sound  level  meter.  In  the  case  of  the  eastbound  train 
approaching  the  station,  a  major  grade  is  involved;  the 
descending  train  has  a  protracted  breaking  period  and  a  slow 
approach.  The  noise  of  the  idling  yard  engine  is  superseded 
gradually  by  the  rhythmic  power  output  of  the  incoming 
locomotive.  The  rhythmic  pattern  is  interrupted  by  the  train 
whistle  at  a  level  crossing,  and  diminished  as  the  engine 
comes  to  a  halt.  Although  the  maximum  intensity  in  both 
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cases  is  about  equal  (92  dB  [A]),  the  high  levels  were 
maintained  far  longer  for  the  eastbound  train.  (The  trace 
for  the  latter  had  to  be  spliced  to  show  the  complete 
sequence . ) 

The  other  major  source  of  transport  noise  is  the 
motor  vehicle.  Although  some  effect  from  traffic  on  the 
Yellowhead  Highway  makes  itself  felt  in  the  townsite,  it 
is  of  a  'muted'  nature,  largely  due  to  the  shielding 
provided  by  a  cutting  between  the  rail  yard  and  the  Athabasca 
river.  The  highway  runs  along  the  cutting  between  the  river 
and  the  level  site  of  the  yard,  and  sound  waves  are  reflected 
into  the  valley  area  east  of  the  townsite.  Most  of  the 
traffic  noise  in  the  townsite  is  derived  from  local  motor 
vehicles.  The  noise  contribution  from  this  source  is  shown 
in  the  two  graphs  for  site  8  taken  during  both  the  July  and 
November  periods  (Figure  3.3).  In  the  case  of  the  July 
reading,  traffic  movement  was  responsible  for  the  major  por¬ 
tion  of  the  total  noise  being  produced.  Two  separate 
influences  can  be  traced  to  traffic  noise.  The  first 
represents  the  "Quasi-steady-state"  noise  distributed  along 
a  line  of  freely  flowing  traffic  (Bolt,  Beranek,  and  Newman, 
1967) ,  and  gives  a  consistent  rating  that  can  be  found  in  the 
background  level.  Superimposed  on  this  level,  "discrete 
moving  noise  sources,"  usually  attributed  to  trucks,  produce 
the  high,  isolated  peaks  in  the  graphs.  These  peaks  were 
most  noticeable  in  quiet  residential  areas,  or  during  the 
November  sampling  period  at  sites  where  traffic  was 
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intermittent. 

3.1.4  Short-term  and  Seasonal  Noise  Patterns 

Apart  from  any  spatial  distribution,  noise  data 
for  the  townsite  can  be  analyzed  for  patterns  which  vary 
with  the  eight  major  designated  sampling  periods.  A  basic 
aspect  of  urban  noise  environment  is  the  fluctuation  in 
noise  production  that  can  be  expected  to  occur  under  the 
varying  conditions,  for  example,  of  daytime  versus  evening, 
and  weekday  versus  weekend  periods.  This  is  caused  by 
changes  in  the  level  of  activity,  and  is  subsequently  related 
to  the  land  use  in  the  area. 

In  the  case  of  Jasper  townsite,  such  fluctuation  was 
not  a  major  factor  of  noise  production.  Developed  best  in 
the  commercial  sites  for  the  November  series  of  samples,  the 
fluctuations  gave  a  general  pattern  of  increasing  and  decreas¬ 
ing  intensities  at  these  and  the  other  sites.  This  pattern 
was  only  vaguely  developed  for  the  July  series  of  readings, 
and  was  not  discernible  in  the  case  of  the  commercial  sites 
for  that  month.  The  lack  of  large  fluctuations  of  this  kind, 
even  at  commercial  sites,  resulted  from  a  total  activity 
level  which  has  an  equally  limited  range  of  noise  production. 
Although  this  explanation  is  valid  in  terms  of  the  overall 
noise  production  in  the  townsite,  it  does  not  explain  the 
absence  of  large  variations  for  commercial  sites  in  July . 

Nor  does  it  help  explain  the  large  difference  in  noise 
production  that  occurs  between  the  July  and  November  series. 
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In  fact,  these  two  series  reflect  a  major  seasonal 
fluctuation  in  the  noise  environment,  July  corresponding 
to  the  major  tourist  season,  and  November  falling  within 
an  off-season  period.  Individual  samples  for  each  period 
tend  to  show  similar  noise  intensity  and  range  charac¬ 
teristics — generally  higher  and  larger  in  July  than  in 
November--and  thus,  form  two  major  groups  which  coincide 
with  the  appropriate  seasons.  The  uniformly  high  levels 
found  in  July  at  commercial  sites  completely  replaced  the 
normal  daily  fluctuations  which  operated  at  those  sites 
(for  example,  site  7)  in  the  off-season. 

Seasonal  variation  is  probably  the  outstanding 
feature  of  the  noise  environment  in  the  townsite.  The  major 
tourist  season  in  the  Park  occurs  in  summer,  while  a  second 
less  intensive  season  occurs  in  winter,  in  conjunction  with 
the  skiing  period.  This  fluctuation  in  activity  is  indicated 
by  the  private  vehicle  flow  in  the  Park  during  1971  (Figure 
3.4).  Visitor  attendance  declines  to  its  lowest  level  in 
winter,  peaking  in  the  spring  skiing  period,  as  well  as  in 
the  summer  tourist  season.  In  the  case  of  the  townsite, 
the  greatest  single  seasonal  change  involved  an  increase  in 
the  population  from  the  permanent  level  for  1971  of  3,750 
to  a  summer  maximum  of  5,000  (Visitor  Services,  Jasper 
National  Park) .  This  was  mainly  due  to  the  large  summer  ^ 
labour  force  employed  in  the  service  industries .  A  total  of 
1,571  rooms  was  available  at  this  time  for  overnight  accom¬ 
modation  to  cope  with  the  seasonal  influx  of  tourists 
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Number  of  visitors  and  vehicles  (OOO’s) 


Months 

Source:  Canada, Visitor  Services, National  and  Historic  Parks  Branch, 

Department  of  Indian  Affairs  and  Northern  Development. 


Figure  3.4.  Monthly  visitor  attendance  and  vehicle  traffic  in  Jasper  National  Park  during  1971 
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(Jasper  Chamber  of  Commerce) .  Moreover,  the  town  attracted 
a  daily  daytime  and  evening  crowd  from  surrounding  areas, 
particularly  from  the  campgrounds  in  the  vicinity.  The 
increased  human  and  vehicle  traffic  flow  into  the  townsite 
helped  to  create  the  consistently  high  noise  levels  recorded 
during  the  various  sampling  times.  The  highest  and  most 
protracted  readings  occurred  in  the  commercial  sites,  where 
traffic  was  concentrated. 

The  patterns  associated  with  major  spatial  and 
seasonal  groupings  are  demonstrated  in  Figure  3.5.  Trace 
histories  are  shown  for  sites  representative  of  residential, 
commercial  and  industrial  locations,  using  sites  4,6  and  10 
respectively.  Superimposed  traces  for  the  1200  to  1400 
hours  weekend  period  for  July  and  November  are  presented  in 
each  case.  The  different  noise  sources  operating  at  each 
site,  as  well  as  their  individual  contribution  to  the  total 
noise  production  is  clearly  demonstrated.  Significant 
differences  existed  among  the  sites  in  terms  of  noise  inten¬ 
sity  and  range.  The  greatest  seasonal  change  occurred  at 
the  commercial  site.  In  fact,  the  change  at  site  6  was 
greater  than  shown,  since  the  November  trace  has  an 
exaggerated  fluctuation  caused  by  wind  gusting.  During  calm 
conditions,  the  range  should  reduce  to  two  or  three  decibels. 
The  industrial  site  did  not  undergo  any  significant  seasonal 
variation,  differences  in  the  traces  being  attributable  to 
a  temporary  shutdown  of  a  refrigeration  plant  at  the  time  of 
the  November  recording. 
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Figure  3.5.  Spatial  and  seasonal  variation  In  noise  production  at  three  sites  representing  residential  (site  commercial 
(site  6) ,  and  industrial  (site  10)  locations  in  Jasper  townsite.  The  top  trace  in  each  set  of  superimposed  graphs  represents 
the  reding  for  the  summer  period;  the  bottom  trace  represents  the  reading  for  the  fall  period. 


..■T'.J, 


r 

tAMosr  Qi, 


I  •  1  •!»  ( 


i 


■  I 


teCWWfWJ.i^  atte)  ?ar«  is  <Kit5y!>j»a  r-oitfinftv  tiNfc  teJ^  -ti  siujR 

^^n9^^^^)s^  zdtpii  baoQJiu:9qiJ$  )o  >w(i>w*r/i  sjfol  qo?  srtl  nj  bw  ,  {3  9^ 

ixfe.t'f:)  5<0  «>  sTBlisai  ino!l>3  ftii  tf£  x>.  sfwte3T  am 


52 


The  overall  patterns  in  July  and  November  for  the 
townsite  are  shown  in  Figures  3.6  and  3.7.  The  two  maps 
give  the  mean  noise  intensity  distribution  for  the  1200  to 
1400  hours  weekend  period.  Isolines  are  drawn  connecting 
points  having  the  same  intensity.  The  noise  contour  maps 
thus  produced  give  a  visual  representation  of  the  spatial 
and  seasonal  patterns  brought  out  through  the  samples. 

3.2  The  Valley  System 

As  in  the  case  of  the  townsite,  the  valley  system 
was  studied  to  discover  the  major  noise  sources  operating  in 
the  area,  and  their  contribution  to  the  noise  environment. 
Various  sources,  particularly  those  formed  by  transport 
networks,  exist  in  both  townsite  and  valley  system.  The 
townsite  itself  becomes  a  component  of  the  valley  noise 
environment  by  radiating  noise  into  that  system.  An 
important  factor  in  the  valleys  is  the  attenuation  caused 
by  topography  and  vegetation  cover;  the  attenuation  charac¬ 
teristics  of  both  were  analyzed  as  part  of  the  investigation 
into  the  noise  system. 

3.2.1  Valley  Samples 

The  noise  environment  study  in  the  valley  areas 
around  the  townsite  was  based,  principally,  on  the  two 
transects  carried  out  in  the  summer  of  1971  (Figure  2.2, 
2.3).  Data  on  the  noise  levels  and  ranges  found  at  the 
twenty  sample  sites  is  presented  in  Table  3.2,  and  represent 
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Figure  3.6.  Noise  production  in  Jasper  townsite  for  July  1971. 
Noise  contours  in  decibels  (A-weighted)  show  the  mean  noise 
intensity  distribution  for  the  1200  to  1400  hours  weekend 
period. 
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Figure  3.7.  Noise  production  in  Jasper  townsite  for  November 
1971.  Noise  contours  in  decibels  (A-weighted)  show  the  mean 
noise  intensity  distribution  for  the  1200  to  1400  hours 
weekend  period. 
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TABLE  3.2.  NOISE  DATA  FROM  VALLEY  TRANSECTS 


Elevation 
..  Above  S.L. 

Noise  Mean 

Noise  Range 

Noise 

Climate 

3,985 

40 

37-43 

38-41 

3,900 

49 

43-52 

46-50 

3,800 

68 

64-75 

66-72 

3,460 

56 

53-63 

56-60 

3,480 

50 

43-57 

49-53 

3,480 

52 

45-60 

49-54 

3,640 

62 

55-69 

58-64 

3,555 

45 

39-52 

42-46 

4,305 

50 

45-57 

48-53 

5,120 

49 

46-55 

48-51 

5,430 

42 

39-47 

40-44 

6,100 

48 

43-56 

47-52 

6,640 

— 

49-70 

52-66 

3,715 

40 

37-45 

39-42 

3,510 

42 

39-48 

40-43 

3,470 

45 

44-48 

45-46 

4,220 

61 

57-68 

59-64 

5,025 

55 

52-63 

53-58 

6,070 

53 

50-58 

51-55 

6,710 

48 

40-59 

43-54 
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single  recordings  taken  at  the  individual  sites. 

Caution  is  required  when  evaluating  the  data.  In 
contrast  to  the  townsite  case,  valley  samples  have  a  large 
vertical  and  areal  distribution.  The  potential  complications 
arising  from  the  existence  of  a  complex  sound  field  in  the 
valleys  become  increasingly  significant  as  the  study  area  is 
expanded  (Section  2.2).  Wind  interference  with  the  moni¬ 
toring  process  proved  to  be  a  major  problem  in  this  context. 
The  mean  noise  intensity  at  site  23,  for  example,  could  not 
be  considered  to  be  significant,  since  it  fell  outside  the 
actual  noise  climate  as  a  result  of  wind-induced  fluctuation 
within  a  large  range.  Due  to  limited  time,  and  problems  in 
negotiating  difficult  terrain,  it  was  not  always  possible  to 
limit  the  sampling  to  the  same,  specific  time  period  for  all 
the  sites.  Thus,  little  control  could  be  exercised  over  the 
level  of  activity  being  monitored;  variation  in  the  data  from 
site  to  site  might  well  reflect  variation  in  noise  production 
rather  than  the  differing  response  characteristics  of  the 
sites  themselves.  It  would,  therefore,  be  unrealistic  to 
compare  the  individual  readings  for  the  purpose  of  uncovering 
the  noise  distribution  pattern  in  this  section  of  the  valley 
system,  particularly  since  the  data  represent  only  one  reading 
per  site. 

3.2.2  Noise  Diffusion  in  The  Valley  System 

The  data  in  Table  3.2  provide  information  on  the 
extent  of  noise  penetration  in  the  valleys.  At  all  sites 
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along  the  transects,  the  presence  of  a  noise  factor  was 
perceptible.  Noise  interference  was  generally  present  in 
the  form  of  raised  sound  pressure  levels,  with  individual 
sources  blending  into  an  undifferentiated  background  level 
and  superimposed  on  the  natural  sound  pattern.  This 
situation  was  best  developed  at  the  higher  sites,  partic¬ 
ularly  on  Signal  Mountain.  Evaluation  was  done  with 
reference  to  readings  taken  in  natural  settings  outside  the 
valley  system;  sound  pressure  levels  ranged  between  25  and 
38  dB (A)  -  characteristically  lower  than  levels  registered 
in  the  transects . 

Sound  pressure  levels  generally  increased  with 
decreasing  distance  from  the  main  areas  of  activity  in  the 
valleys.  The  diffused  background  noise  was  resolved  into 
distinct  noise  components;  at  site  20  (el.  5,120  ft.)  and 
at  lower  elevations,  it  became  possible  to  distinguish 
between  urban,  and  transport  noise  production  originating 
from  the  highway,  access  roads,  and  railroad. 

Intensity  increments  were  not  in  phase  for  sites 
east  and  west  of  the  townsite  on  the  Athabasca  River  valley 
transect,  although  these  sites  were  monitored  under  similar 
conditions  of  weather  and  noise  production.  Sites  11  and  12 
show  approximately  the  same  noise  conditions  as  were  found 
for  sites  20  and  21,  respectively,  even  though  the  latter  . 
two  sites  were  located  significantly  higher  and  further  from 
the  same  noise  sources.  This  difference  was  the  result  of 
the  shielding  provided  for  sites  11  and  12  (as  well  as  site 
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24  in  the  Miette  River  valley  transect)  by  the  escarpment 
located  directly  west  of  the  townsite.  In  contrast  to  site 
13,  located  on  the  escarpment  and  in  the  direct  path  of  sound 
waves  originating  to  the  east,  sites  11  and  12  would  receive 
a  great  proportion  of  diffracted,  indirect  waves. 

3.2.3  Transportation  Noise  Production  in  the  Valley  System 

Motor  vehicle  movement  in  the  valleys  had  a  decisive 
influence  on  the  noise  characteristics  found  along  the 
transects.  The  anomaly  that  appears  to  exist  in  the  intensity 
levels  for  sites  25  and  26  in  contrast  to  the  other  locations 
on  The  Whistlers  resulted  from  a  variable  traffic  flow  on  the 
Yellowhead  route.  The  volume  was  light  and  intermittent  at 
the  time  the  lower  two  samples  were  taken  but  heavy  and 
continuous  in  the  other  cases.  The  high  levels  recorded  at 
sites  27  through  30  were  produced,  primarily,  by  the  high 
frequency  'whine'  emitted  by  tires  of  heavy  commercial 
vehicles.  High  frequency  waves  have  a  rapid  dissipation  rate 
in  the  atmosphere,  a  fact  that  is  shown  by  the  drastic  reduc¬ 
tion  in  intensity  through  consecutive  sites.  Closer  to  the 
highway,  the  whine  from  the  tires  was  replaced  by  the  lower 
frequency — high  intensity  rumble  produced  by  diesel  engines. 

Transect  and  other  sites  situated  alongside  the 
highway  were  monitored  for  the  noise  produced  under  various 
conditions  of  traffic  flow.  The  measurement  of  individual, 
heavy  commercial  vehicles,  travelling  at  an  estimated  speed 
of  60  miles  per  hour,  produced  intensity  maxima  ranging 
between  86  and  91  dB (A) .  Levels  recorded  for  private  cars 
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under  the  same  conditions  ranged  between  74  and  80  dB (A) . 
Mixed  traffic  flow  produced  mean  intensities  ranging  between 
78  and  89  dB (A) ,  depending  on  the  volume  and  composition  of 
the  flow.  The  greatest  absolute  intensity  ranges  were 
recorded  at  the  east  and  west  gates  of  the  Park;  ranges  of 
twenty  five  decibels  or  more  were  produced  by  accelerating 
and  decelerating  trucks,  with  fluctuations  being  mainly 
produced  by  gear  shifting  and  the  release  of  air  brakes. 

Noise  traces  at  sites  situated  high  above  and/or 
at  a  distance  from  noise  sources,  were  not  necessarily 
confined  to  the  diffuse,  indistinct  mixture  described  above. 
Aside  from  the  whine  recorded  at  the  higher  sites  on  The 
Whistlers,  the  noise  produced  by  the  passage  of  trains 
through  the  valley  system  could  be  distinctly  identified. 

In  fact,  the  noise  was  not  confined  to  the  valley  system, 
but  penetrated  into  adjoining  areas.  Thus,  the  passage 
of  a  train  in  the  Miette  valley  could  be  heard  in  the 
Tonquin  Valley,  eight  miles  south  of  Geike,  where  the  noise 
emitted  spilled  into  the  region  occupied  by  Meadow  Creek 
(Inset  Map) . 

The  capacity  of  noise  to  be  transmitted  over  large 
distances  can  be  seen  in  the  upper  trace  of  Figure  3.8. 

The  noise  from  a  westward-moving  freight  train  was  recorded 
at  site  28.  From  an  intensity  maximum  of  76  dB (A) ,  recorded 
at  the  time  the  train  was  directly  opposite  the  sound  meter, 
intensity  fell  through  two  -  10  dB  meter  attenuations; 
the  level  first  dropped  below  60  dB (A)  at  a  transmission 
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Figure  3.8.  Noise  traces  generated  by  train  and  airplane  movement  through  the  valley  system.  The  upper  trace  records  the  movement  of  a  westbound  freight  train  in  the 
Miette  River  valley.  The  lower  trace  demonstrates  the  superimposition  of  a  distinct  noise  source  (airplane)  on  the  diffuse  ambient  noise  environment  in  the  Athabasca  River 
valley. 
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distance  of  5.5  miles,  (The  trace  had  to  be  shortened  to 
show  the  attenuation  sequence.) 

The  lower  graph  in  Figure  3.8  demonstrates  the 
changes  in  the  noise  environment  that  occurred  at  site  22 
with  the  superimposition  of  a  distinct  directional  source — a 
low-flying,  single  engine  plane  in  this  case — on  the  diffuse 
background  noise  in  the  vicinity.  The  increased  noise  range 
and  fluctuation  is  clearly  associated  with  the  appearance  of 
the  plane. 

In  contrast  to  rail  and  road  transport,  air  traffic 
is  not  an  important  factor  in  the  noise  environment  of  the 
valley  system.  Jasper  airfield  has  an  emergency  designation, 
is  unattended,  and  does  not  possess  radio,  navigational  aids, 
or  snow  removal  facilities.  Its  use  is  limited  to  daylight 
hours.  Air  traffic  volume  is  small,  even  in  summer,  and 
consists  of  light  aircraft.  The  air  strip  may  be  eventually 
replaced  by  an  airfield  outside  the  Park. 

3.2.4  Noise  Attenuation  by  Topography  and  Vegetation 

3. 2. 4.1  Attenuation  by  Topography 

An  important  influence  exerted  by  topography  on  the 
noise  environment  is  the  attenuation  of  sound  waves.  The 
absorption  and  reflection  characteristics  of  the  ground 
surface  over  which  sound  was  transmitted  were  not  measured, 
largely  due  to  the  complexity  of  the  variables  involved. 

Ground  attenuation  is  a  function  of  the  structure  and  the 
covering  of  the  ground,  both  of  which  determine  its  acoustic 
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properties.  It  is  also  influenced  by  the  heights  of  the 
noise  source  and  meter  above  the  ground  (Kurze  and  Beranek, 
1971)  . 

A  major  attenuation  factor  is  caused  by  the  effect 
of  topographic  obstruction  on  wave  transmission.  Shielding 
from  the  direct  wave  path  is  provided  by  a  break-of-slope 
along  the  ground,  with  the  shielded  areas  receiving  distorted 
waves  by  diffraction  and/or  turbulence. 

Figure  3.9  demonstrates  the  dissipation  resulting 
from  a  major  break-of-slope  situation.  The  area,  in  this 
instance,  was  located  near  site  25.  The  Miette  River  formed 
the  sound  source  for  the  superimposed  traces.  At  the  location 
for  graph  A,  a  direct  line  of  sight  existed  to  the  source; 
a  break-of-slope  shielded  site  B  from  the  direct  path  of  the 
sound  waves.  The  reduction  in  intensity  at  site  B,  and  the 
increased  variability  resulting  from  the  distortion  caused 
by  turbulence  and  diffraction  is  clearly  evident. 

Another  case  of  topographic  shielding  occurred  at 
sites  17  and  18  (Table  3.2).  The  latter  site  was  located  in 
a  hollow  surrounded  by  the  slopes  of  Signal  Mountain  on  the 
west  and  south,  and  by  a  shoulder  to  the  east.  Site  17  was 
located  on  a  bare  outcrop  on  the  shoulder,  85  feet  above  site 
18  and  in  the  direct  path  of  sound  waves  originating  in  the 
valley.  This  spatial  relationship  is  shown  in  an  aerial  view 
through  Figure  3.10.  The  17  dB  differential  for  the  two  sites 
could  not  be  attributed  to  the  shielding  effect  of  the 
shoulder  alone,  since  site  18  was  set  in  a  stand  of  aspen 
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Figure  3.9.  Sound  wave  attenuation  caused  by  a  topographic  obstruction.  Monitoring  at  site  A  involved  a  direct  line  of  sight  to  the  particular  noise  source;  a  break-of-slope 
shielded  site  B  from  this  same  source. 


Figure  3.10.  Area  analyzed  for  attenuation  characteristics  of  vegetation  cover, 
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poplar  (Populus  tremuloides ) .  Another  site  was  therefore 
monitored  in  the  hollow  (18A) ,  in  a  spot  free  from  inter¬ 
ference  from  the  stand  of  trees;  intensity  reduction  between 
sites  17  and  18A  amounted  to  10  dB,  twice  the  value  obtained 
in  the  situation  discussed  previously.  The  difference  in 
the  shielding  effect  is  one  of  degree  rather  than  kind.  In 
both  instances,  shielding  was  due  to  a  break-of-slope ,  the 
change  being  much  greater  in  the  second  example. 

3. 2. 4, 2  Noise  Attenuation  Due  to  Vegetation 

The  area  shown  in  Figure  3.10  was  studied  in  an 
attempt  to  find  the  attenuation  caused  by  forest  cover. 

Sites  14  through  18  were  used  for  the  following  reasons: 
the  total  relief  difference  for  the  sites  is  only  180  feet; 
the  sites  were  located  along  the  transect  near  the  valley 
floor  over  a  distance  of  about  four  thousand  feet.  This 
grouping  over  a  relatively  small  vertical  and  horizontal 
distance,  in  addition  to  a  similar  orientation  among  the 
sites,  with  regard  to  the  noise  sources,  would  tend  to 
produce  a  uniform  reception  of  noise  in  the  area,  and 
minimize  complications  with  the  sound  field.  Readily 
accessible,  the  sites  could  be  monitored  within  a  single 
time  period,  eliminating  to  a  great  extent  the  problem  of 
monitoring  under  conditions  of  great  variation  in  the  noise 
being  produced.  (Other  sites  on  Signal  Mountain,  originally 
surveyed  for  noise  attenuation  resulting  from  their  vegeta¬ 
tion  cover,  were  discarded  for  lack  of  one  or  more  of  the 
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above  mentioned  factors.) 

Vegetation  characteristics  were  studied  by  using  a 
randomly  chosen  10  -  by  -  10  meter  quadrat  at  each  site; 
only  the  tree  layer  was  involved  in  the  analysis.  Several 
of  the  measured  parameters  are  presented  in  Table  3.3.  With 
the  exception  of  site  18,  which  had  a  layer  of  largely  dead 
wolf  willow  (Elaeagnus  commutata)  along  with  the  more  dominant 
species  of  aspen  poplar,  sites  were  located  in  pure  stands  of 
timber.  The  number  of  trees  in  each  quadrat,  and  the  per¬ 
centage  of  the  total  quadrat  area  shaded  or  occupied  by  the 
trees,  indicate  the  density  characteristics  of  the  stands. 
Sites  17  and  18A,  both  without  tree  cover,  are  included  as 
reference  points  in  relating  Tables  3.2  and  3.3. 

An  incongruity  appeared  between  sites  16  and  18: 
the  latter,  with  the  higher  density  characteristics  of  the 
two,  has  an  attenuation  level  of  7  dB,  as  compared  to  a 
10  dB  reduction  in  intensity  at  site  16 .  The  higher  reduc¬ 
tion  at  site  16  was  due  to  the  fact  that  the  sound  waves  had 
to  penetrate  and  travel  through  a  greater  distance  through 
timber  before  reaching  the  meter.  The  result  was  a  consid¬ 
erable  dissipation  of  intensity.  Site  18,  on  the  other  hand, 
received  waves  which  travelled  unobstructed  to  the  rock 
shoulder,  and  were  then  diffracted  into  the  hollow.  The 
clump  of  trees  at  site  18  was  not  of  sufficient  size  to  cause 
an  attenuation  of  more  than  7  dB.  In  fact,  considering  the 
size  of  the  stand,  this  drop  of  7  dB  is  surprisingly  large. 
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The  intensity  variation  recorded  for  the  sites 
indicated  a  definite  dissipation  due  to  the  tree  cover  in 
the  area.  This  attenuation  appears  to  be  related  to  the 
types  of  species  composing  the  tree  layer,  as  well  as  to  the 
structure  of  the  particular  stands .  Documented  research 
into  the  attenuation  capacities  of  tree  zones  (forests)  has 
shown  the  significance  of  density  variations.  The  average 
attenuation  recorded  for  very  thick  forests  (Canadian  cedar, 
pine,  spruce  and  deciduous  forests;  U.S.S.R.  pine  forest) 
varied  between  10  and  25  dB  per  100m  at  frequencies  below 
2,000  Hz  (Embleton,  1963).  For  less  dense  arease  (average 
for  all  types  of  U.S.A.  forests)  attenuations  of  5  to  12 
dB  per  100m  occurred  at  corresponding  frequencies 
(Hoover,  1961) .  Deciduous  forests  with  bare  trees  produced 
attenuation  levels  of  0  to  5  dB  for  the  frequency  range 
(Kuttruff ,  1967)  .  At  any  given  frequency,  however,  large 
differences  were  found  for  Canadian,  American,  and  Russian 
forests  having  a  similar  composition  of  species  and  density 
characteristics;  no  satisfactory  explanation  has  been  found 
for  this  differential  in  attenuation.  The  small  number  of 
observations  used  in  this  study  is  not  meant  to  provide 
representative  values  in  any  sense;  it  is  simply  being  used 
to  demonstrate  the  existence  of  wave  dissipation  in  the  area, 
and  links  this  attenuation  to  the  demonstrable  influence  of 
the  vegetation  cover  on  sound  and  noise  transmission. 
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CHAPTER  4 


NOISE  AS  A  FACTOR  IN  PARK  PLANNING 

4.1.  Noise  as  a  Pollutant 

It  has  been  pointed  out  that  the  production  of  noise 
interferes  with  the  natural  sound  environment  of  the  Park. 

By  causing  an  unnatural  change  in  the  sound  system,  and  a 
degradation  of  the  Park  environment,  this  by-product  of  human 
activity  can  be  justifiably  considered  to  be  a  pollutant.  It 
conflicts  with  the  principle  of  environmental  conservation 
embodied  in  both  national  park  policy  and  legislation.  The 
underlying  philosophy  in  Park  management  is  contained  in  the 
often  quoted  Section  4  of  the  National  Parks  Act  (1930)  which 
states  that 

The  Parks  are  hereby  dedicated  to  the  people  of  Canada 
for  their  benefit,  education  and  enjoyment,  subject  to 
the  provisions  of  this  Act  and  the  Regulations,  and  such 
Parks  shall  be  maintained  and  made  use  of  so  as  to  leave 
them  unimpaired  for  the  enjoyment  of  future  generations. 

The  basis  of  this  dedication  to  both  present  and  future 

generations,  is  the  provision  of  a  natural,  unimpaired  Park 

environment.  This  primary  purpose  is  reiterated  in  section 

I  and  II  of  the  comprehensive  statement  on  National  Park 

Policy  (1964)  .  By  definition  a  pollutant  is  a  contaminant 

and  can  therefore  cause  the  deterioration  of  a  natural 

environment.  The  presence  of  noise  in  the  sound  environment 

of  the  Park  has  the  potential  to  cause  damage  in  two  ways: 

by  reducing,  or  interfering  with  the  enjoyment  of  the  Park 
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environment,  and  by  affecting  the  wildlife  characteristics 
of  the  Park. 

A  primary  attraction  of  national  parks  should  be 
the  opportunity  offered  the  public  to  experience  and  enjoy 
a  natural  environment.  The  perception  and  appreciation  of 
such  an  environment  will  vary  among  individuals.  Awareness 
of  and  reaction  to  the  existence  of  a  noise  factor  in  a 
supposedly  natural  park  environment  will  depend  on  psycho- 
acoustical  variables  (Chapter  1)  as  well  as  the  particular 
purpose  in  visiting  the  park.  By  being  an  unnatural  element, 
noise  has  the  potential  to  interfere  with  or  reduce  enjoy¬ 
ment  of  such  a  visit.  Regardless  of  the  value  placed  upon 
it  at  any  particular  moment,  the  natural  environment, 
including  the  ambient  sound  system,  should  be  maintained 
free,  as  far  as  possible,  from  extraneous  influences.  The 
provision  for  an  unaltered  system  is  necessary  if  the  public's 
right  to  experience  and  enjoy  a  major  national  heritage  is 
to  be  insured. 

Wildlife  is  an  important  element  of  the  park  environ¬ 
ment,  and  its  preservation  is  essential  if  the  natural  quality 
of  the  park  is  to  be  maintained.  The  auditory  character¬ 
istics  of  various  fauna  and  their  response  to  noise  have  been 
studied  under  laboratory  conditions.  Little  work  has  been 
done,  however,  on  startle  response  under  natural  conditions, 
or  on  the  behaviour  changes  induced  by  long-term  exposure 
to  noise  and  the  effect  of  such  exposure  on  the  survival 
success  of  a  wild  population. 
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The  process  involved  in  obtaining  relevant  data  on 
wildlife  response  would  be  particularly  difficult  in  the 
park  context.  The  population  characteristics  of  a  partic¬ 
ular  group  of  animals  ascertained  to  have  been  unaffected 
by  human  activity  would  have  to  be  known  in  terms  of  several 
generations  in  order  to  establish  the  population  dynamics  of 
the  group.  It  would  then  be  necessary  to  subject  the  group 
to  a  controlled  noise  environment.  The  problems  involved 
in  these  procedures,  in  establishing  a  control  group,  in 
analyzing  both  short-term  and  long-term  changes,  and  in 
accurately  relating  these  changes  to  the  presence  of  noise, 
would  obviously  be  of  a  major  magnitude.  Response  character¬ 
istics  may  be  expected  to  differ  among  species,  although  all 
would  probably  tend  to  have  a  startle  response  involving 
the  unnecessary  expenditure  of  energy.  Sound  is  the  main 
sensory  deference  for  ungulates,  while  the  large  carnivores 
may  react  as  much  to  the  smells  associated  with  people,  as 
to  the  noise  produced  by  their  activity. 

The  presence  of  human  activity  may  act  both  to 
attract  and  repel  wildlife.  Other  factors  aside  from  noise, 
such  as  curiosity  or  the  availability  of  food  through  road¬ 
side  feeding,  and  at  campgrounds  or  garbage  dumps,  may  act 
to  draw  animals  to  the  site  of  human  activity.  Such  attrac¬ 
tion  can  have  harmful  consequences.  Bears  that  are  persis¬ 
tently  attracted  to  the  townsite  or  campgrounds  are  shot.' 
This  destruction,  although  far  smaller  (in  terms  of  numbers) 
than  that  which  occurs  through  collision  with  trains  and 
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motor  vehicles,  remains  an  unnecessary  attrition  of  the 
park  ecosystem.  Long-term  damaging  effects  may  result  from 
advertently  or  unintentionally  supplying  animals  with  food. 
Regular  provision  of  such  food  (with  the  townsite  garbage 
dump  being  an  outstanding  example  of  a  readily  accessible, 
year-round  supply)  may  lead  to  dependence  on  unnatural 
sources . 

In  repelling,  noise  may  cause  the  displacement  of 
a  particular  animal  or  group  of  animals.  This  may  place 
an  unnecessary  stress  on  the  animals  by  exposure  to  poten¬ 
tially  harsher  environmental  factors,  such  as  inferior  range 
conditions  or  conflict  with  another  population  or  species. 

Regardless  of  the  response,  noise  induced  behavioral 
changes  are  unnatural,  and  therefore  detrimental  to  wild¬ 
life,  and  permanently  impair  the  park  environment. 

4.2  Noise  Control 

4.2.1.  Noise  Reduction 

A  major  means  of  noise  control  in  the  park  involves 
reducing  the  noise  output.  Since  noise  production  is 
associated  with  human  activity,  noise  reduction  could  be 
achieved  by  regulating  the  type  and  level  of  human  activity 
permitted  in  the  park.  Although  restrictions  on  forms  and 
volume  of  activity  have  been  applied  in  the  land  use  manage¬ 
ment  of  the  park,  the  role  of  noise  control  has  not  been 
emphasized  in  the  management  process.  Similarly,  no  specific 


consideration  has  been  given  to  the  noise  factor  in  national 
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park  policy  or  legislation.  The  lack  of  attention  to 
noise  control,  both  in  legislation  and  in  management 
procedures,  points  to  an  underestimation  of  the  impor¬ 
tance  of  noise  production  in  the  park  environment. 

Moreover,  the  noise  factor  will  increase  in 
severity  and  complexity  in  parks  like  Jasper  which  are 
subjected  to  ever  increasing  pressures  on  their  natural 
resources.  In  Jasper  National  Park,  these  pressures 
pertain  to  two  main  sources:  the  demand  for  (outdoor) 
recreation,  and  the  existence  of  major  transportation 
networks  within  the  park.  Both  demand  and  volume  of  flow 
are  likely  to  keep  increasing  in  the  near  future.  The 
increasing  demand  for  outdoor  recreational  activity  is 
shown  by  the  rising  visitor  attendance.  The  demand  of  the 
majority  of  park  visitors  is  still  for  modern  accommo¬ 
dation  with  all  the  conveniences  common  to  life  in  the  cities. 
Only  a  small  proportion  participate  in  outdoor  recreational 
activities  oriented  toward  wilderness  use  and  enjoyment 
(National  Park  Policy,  1964) .  Noise  production  will  differ 
greatly  between  these  two  groups  due  to  the  use  of  different 
facilities  and  the  spatial  distribution  within  the  park  area. 
Differences  will  exist,  as  well,  within  each  group;  among 
wilderness  users,  a  large  variation  in  noise  output  will 
occur  between  the  cross-country  skier  and  snowmobile  user. 

In  contrast  to  private  traffic,  commercial  traffic 
makes  an  important  use  of  the  park  as  a  corridor  linking  the 
west  coast  to  the  interior.  Figure  3.4  showed  the  high 


£V 


a 


Xo6X  ©ilT  ♦noX^ftXsipaX  io  \oiLoci 
^rrems^enBOT  ni  bna  noi^taXaxpaX  ni  rfifocf ^^X'oirtnoo  salon 

t 

-Tcqml  oxU  5o  noi:fBnii:fas:isftan  n«  o?  a:tnloq  x.aeii/ftsoo^q 
.^ftsnmottlvno  Xiaq  sri^  ni  noi^otfboiq'^aiofl  sonB:^ 

I  t  *.  I 

i  --ni  eiesaonl  IX Iw  io^3«3  aaxon  srij  ‘rtovoeicM  '  -s'^V' 


.  03*  rtolrtw  loqset.  ojiiX  BjCxeq  ni  'f^lxoXqffloo  ftne 

,  .  0  -■ 

iBJXf^sn  Txsrfi  no  seiuaesiq  pniaasTonl  isva  od^'^bs^ootdnB 

.  _  ,  .. 

sdtmaas*xq  oasrf^  Xfinoi^BM  'xaqBsX*  ^.asomossn 

("ioob^ino)  tto!l  bnsittsb  sni^  taso^ti^oa  niaffi'^ow^' o^  nia^isq 
fxol:tB:^:2:oqBns’s:t  'xotsm  io  *fiono:t8ixs  srfJ’'>nB  ,  noii'Bsioo'X 
woXi  io  sniifXov  bns  bnanisb  rf^tofl  .Xisq  srf^  nxriitlw  a^fiow^sn 
©fiT  .s^oii/i  tiaen  9fl;t  ni  prtlaBo:ionl  qseX  oi 

^  » 

al  Xflnoi^Bsios‘2  :toobd’uo  ^LOi  bnBflisb  ^niaasioni 

9113  io  bneiBsJ)  orfT  .sonebnaiis  loilaiv  i^niaii  erii  Y^  nworfa 


-oiwnooos  iTJObom  loi  XXiia  si  s^oiisiv  3(3*q  io  xil:totem^ 
.asiiio  sri:f  ni  siiX  o:t  nommoo  asonsinsvnoo  Bri^t-XXB  fi:tiw  noi^fib 
iBnoiJtBsiosi  ioob:ttfO  ni  s:tBqioi:JiBq  noi^:£oqo‘iq  iXamB  £  x^ciO 

ii 

:^n9fTrYotns  bns  satr  easn^sbXiw  bx/BWO^^bs^nslio  asi^ivi^OB 

.  ♦ 

isiiib  XXiw  noi^oi/bo-xq  eaioW  .  (f^dex  ,  YO-tXoT‘'‘3(:tB^  XBnoi:rBW) 
itno^xeiilb  io  saw  srtJ  o:f  sub  aquotp  owi  oas/li  nsew^ed 
.BS36  Xifiq  srfd  niriliw  noidudiictaib  XfiidBqe  srid  bnB  asidiXioBi 

-fs 

gno/CB  ^qnoup  rfoBs  niddiw  %XX9W  aa  ^daixs  XXiw  aoonsisiiiQ 

.  ijT  V” 

XXiw  duqdi/o  saion  ni  noi.^si'iBV  sp^BX  b  ^adsau  aasn^sbXiw 
.:Lsex;  sXidoffiwonB  bna  3si:>Ca  y^'2:tnuoO'‘Bao‘io  arid  nsswdsd  iwooo 
oiiiBid  X6iD:i9W/ioD  .oiiiend  sdaviiq  od  daaddnoo  nl 
1  arid  pni-^^niX  lobii'xoo  a  as  Xisq  arid  io  sat;  dnfiddoqmi  na  asjtam 

ripiri  arid  bsworia  eiii-fijil  .loiisdni  arid  od  dafioo  dasw 

■  •  ,■  Virl  i“'  .. 


74 


volumes  for  both  types  of  traffic  flow  in  the  park.  In 
contrast  to  the  large  seasonal  fluctuations  for  private 
vehicles,  the  commercial  flow  is  relatively  evenly  distri¬ 
buted  over  the  entire  year.  This  commercial  traffic  is 
likely  to  increase  in  the  future.  The  Yellowhead  route 
is  being  promoted  by  the  Yellowhead  Highway  Association, 
among  others,  as  providing  better  access  to  the  coast  than 
do  the  mountain  routes  further  south.  With  smaller  grades, 
fewer  winding  stretches,  and  a  lower  frequency  of  road 
blockage  due  to  adverse  weather  conditions,  the  Yellowhead 
is  preferred  as  a  trucking  route.  Should  it  be  used  as  a 
major  alternate  route  for  the  movement  of  grain  exports  to 
the  coast,  particularly  if  Prince  Rupert  is  developed  as  a 
deep-sea  port  for  the  export  of  bulk  commodities,  grain  unit 
trains  will  substantially  increase  the  volume  of  freight 
moved  by  rail  through  the  park.  As  in  the  case  of  recre¬ 
ational  demand,  a  major  by-product  of  such  increased 
activity  will  be  the  production  of  an  intensified  noise 
environment. 

4.2.2  Noise  Confinement 

An  additional  means  of  noise  control  would  involve 
the  confining  of  its  production  to  specific  locations  in  the 
park.  This  would  tend  to  reduce  the  area  affected  by  parti- 
0\j3_a,r  noise  sources.  In  some  instances,  noise  could  be 
confined  to  a  limited  area  through  the  attenuation  caused 
by  topography  and  vegetation.  The  appropriate  use  of 
natural  barriers  could  help  confine  noise  generated  within 
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a  campground,  for  example,  while  isolating  the  campground 
from  external  sources. 

Control  over  noise  distribution  on  a  larger  scale 
could  be  achieved  by  park  zoning.  A  zoning  scheme  has  been 
developed  for  the  park  (Jasper  National  Park  Provisional 
Master  Plan,  1970).  This  scheme,  with  its  proposed  limi¬ 
tations  on  activity  and  land  use,  could  ultimately  control 
noise  propagation.  However,  increased  pressures  through 
recreational  demand,  could  result  in  the  reduction  and 
displacement  of  zones  devoted  to  the  preservation  of  the 
natural  environment  by  the  gradual  expansion  of  more 
intensively  used  areas.  A  spatial  variation  involving 
increasingly  high  noise  production  can  be  expected  to  occur 
in  conjunction  with  the  following  arrangement  of  the 
designated  zones:  Class  I  (Special  Area),  Class  2 
(Wilderness  Recreation  Area) ,  Class  3  (Natural  Environment 
Area) ,  Class  4  (General  Outdoor  Recreation  Area) ,  Class  5 
(Intensive-Use  Area) . 

The  main  problem  associated  with  noise  control 
through  zoning  is  the  tendency  for  sound  diffusion  in  the 
atmosphere.  Various  meteorological  factors  help  determine 
the  diffusion  characteristics  of  sound  (Chapter  I) ;  in 
conjunction  with  landscape  influences,  these  factors  can 
produce  a  complex  sound  field,  as  in  the  case  of  the 
study  area  (Chapter  2) .  The  ability  of  high  intensity 
noise  to  travel  over  long  distances  has  been  shown  in  the 
data  obtained  for  the  valley  transects  (Chapter  3);  in 
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the  Athabasca-Miette  valley  system,  this  ability  means, 
in  effect,  that  noise  from  a  Class  5  location  (the  townsite 
and  surrounding  area)  could  be  expected  to  penetrate  into 
locations  designated  as  Class  2  and  3  regions.  Noise 
generated  by  transport  networks  in  the  valley  system,  would 
likely  reach  Class  1,  2,  and  3  areas  in  the  valleys. 

This  problem  would  not  be  limited  to  a  particular 
valley  system,  but  would  occur  in  all  areas  containing  human 
activity.  It  would  arise  in  all  instances  of  road  develop¬ 
ment;  noise  diffusion  would  not  be  limited  to  the  width  of 
pavement,  but  would  invade  adjacent  (wilderness)  areas  in 
spite  of  the  provision  of  Class  3  buffer  zones. 

Zoning,  by  itself,  is  an  insufficient  method  for 

controlling  the  noise  problem — it  must  be  applied  in 

conjunction  with  noise  abatement  procedures  in  the  different 

zones.  The  realization  of  this  important  relationship 

(although  not  in  the  context  of  noise  control)  is  shown  in 

the  proposals  outlined  for  the  Provisional  Plan: 

The  capacity  of  each  zone  to  withstand  visitor  use  will 
be  established.  Development  of  facilities  will  be 
limited  to  retain  the  park's  natural  features  and  atmos¬ 
phere.  Ultimately  it  may  be  necessary  to  limit  the 
number  of  visitors  to  certain  areas  of  the  park  at  a 
given  time . 

Reducing  noise  production,  and  regulating  its  distri¬ 
bution  are  two  different,  but  related  facets  of  the  same 
problem — the  need  to  control  its  environmental  and  recrea¬ 
tional  impact. 
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CHAPTER  5 


SUMMARY  AND  CONCLUSIONS 

The  foregoing  chapters  have  presented  the  results  of 
a  noise  study  carried  out  in  Jasper  National  Park  in  the 
summer  of  1971.  The  study  was  undertaken  to  determine  the 
extent  and  individual  sources  of  noise  production  in  the  park, 
and  to  identify  the  factors  influencing  its  distribution.  The 
potential  damage  to  the  park  environment  resulting  from  noise 
pollution  was  evaluated,  as  well  as,  the  possibility  of  achiev¬ 
ing  a  measure  of  control  over  the  noise  component  through  the 
implementation  of  proposed  park  plans. 

The  phenomena  of  sound  and  noise  result  from  the 
vibration  of  particles  in  a  medium  such  as  air.  The  perception 
of  sound  is  determined  by  the  complex  interaction  of  psycho- 
acoustical  variables,  especially  the  physical  properties  of 
pressure  and  freguency.  The  evaluation  of  sound  as  constitut¬ 
ing  a  noise,  i.e.  ,  an  undesired  sound,  is  a  value  judgment 
that  will  differ  from  person  to  person.  The  physical 
dimensions  and  psycho-acoustical  factors  that  produce  the 
phenomena  of  sound,  noise,  and  hearing  are  discussed  in  Chapter 

1. 

The  distinction  between  sound  and  noise  is  applied  in 
Chapter  2  to  the  case  of  Jasper  National  Park  by  distinguishing 
between  ambient  sounds  produced  by  natural  elements  in  the  park, 
and  sounds  produced  through  human  activity.  The  latter  are 
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classified  as  noise  due  to  their  extraneous  origin  and 
unnatural  presence  in  the  park.  These  produce  an  unnatural 
noise  environment  which  is  superimposed  on  the  natural  sound 
environment  found  in  the  park. 

The  existence  of  a  major  noise  environment  in  the 
park  can  be  traced  to  a  combination  of  factors  that  in  some 
ways  are  characteristic  of  the  parks  found  in  the  Rocky 
Mountains  region.  The  park  straddles  a  pass  through  the 
eastern  range  of  the  Rockies  that  is  used  as  a  link  in  a 
major  transcontinental  rail  and  highway  route,  utilized  by 
both  commercial  and  private  traffic. 

Ever  increasing  leisure  time  and  mobility  in  our 
society  has  helped  to  create  a  great  public  demand  for  out¬ 
door  recreational  space  and  facilities.  The  proximity  of 
major  urban  centers  to  the  park,  and  the  development  in  the 
1960 's  of  a  modern  highway  system  linking  the  park  to  these 
centers  has  led  to  a  rapidly  rising  visitor  attendance  rate. 
The  construction  of  an  improved  Highway  93  resulted  in  an 
increased  influx  of  tourists  from  adjoining  Banff  National 
Park,  particularly  in  the  number  of  visitors  from  the  United 
States.  The  annually  increasing  traffic  and  visitor  volume 
has  led  to  an  accelerated  development  of  commercial  and 
recreation  facilities  and  the  corresponding  intensification 
of  noise  production. 

A  study  area  was  chosen  comprising  the  Athabasca- 
valleys,  a  location  which  allowed  mobility  and 
relatively  quick  access  in  the  face  of  a  limited  time 
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factor.  The  valley  system  acts  as  a  (transcontinental) 
transport  corridor,  and  as  an  area  of  commercial  develop¬ 
ment,  including  outdoor  recreational  facilities  and  Jasper 
townsite,  the  focal  point  of  human  activity  in  the  park. 

Sound  production  was  monitored  with  a  sensitive 
sound  level  meter,  the  sounds  being  permanently  recorded 
on  magnetic  tape.  Analysis  of  noise  components  was  done 
from  the  graphic  traces  developed  from  the  tapes  with  a 
level  recorder.  Noise  samples  are  described  in  units  of 
dB (A)  as  a  result  of  using  the  A-weighted  network,  a  scale 
giving  a  meter  response  that  closely  approximates  the 
auditory  characteristics  of  the  human  ear.  A  detailed 
discussion  of  the  monitoring  equipment  is  given  in  Appendix 
II. 

Ten  sites  were  monitored  in  the  townsite  for  a  total 
of  eighty  samples  representing  both  week  day  and  weekend 
conditions  during  July  and  November  1971.  Another  twenty 
samples  were  taken  on  two  valley  transects.  In  all,  one 
hundred  fourteen  recordings  were  used  in  determining  the 
characteristics  of  the  noise  environments  in  the  urban  and 

valley  systems  (Chapter  2) . 

The  frequent  occurrence  of  strong  winds  and  rainfall 
presented  a  major  complication  in  the  recording  procedure  by 
masking  noise  production  and  interfering  with  the  monitoring 
q£  this  noise  by  the  sound  meter .  Meteorological  factors , 
particularly  thermal  and  wind  gradients  in  the  atmosphere, 
were  also  responsible  in  generating  a  complex  sound  field 
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in  the  valleys  by  altering  the  transmission  pattern  of  sound 
waves.  The  effects  of  such  interference  (discussed  in  Chapter 
2)  helped  to  produce  variations  in  the  sound  reaching  a 
particular  site. 

A  full  discussion  of  the  noise  environments  found  in 
the  urban  and  valley  systems  is  given  in  Chapter  3.  Two  major 
patterns  were  discernible  in  the  townsite.  The  first  repre¬ 
sented  the  variation  in  noise  parameters  which  result  from 
differences  in  the  land  use.  As  expected,  residential  areas 
had  a  generally  lower  noise  production  than  commercial  sites; 
maximum  recorded  intensities  reached  85  -  95  decibels  in  the 
latter  during  the  July  period,  in  contrast  to  maxima  of  70  - 
80  decibels  for  residential  locations. 

The  second  major  pattern  represented  the  seasonal 
change  from  summer  to  fall,  corresponding  to  the  change  from 
the  major  annual  tourist  season  to  an  off-season  period.  A 
large  reduction  in  the  noise  components  occurred  at  all 
residential  and  commercial  sites  with  the  arrival  of  the  off¬ 
season  period.  Individual  sites  displayed  a  strong  uniformity 
in  noise  production  within  each  major  period.  Daily  fluctu¬ 
ations  were  negligible,  in  contrast  to  urban  centers  which  do 
]^0fl0ct  the  presence  of  such  a  strong  seasonal  control 

over  activity  and  noise  levels. 

Transportation  activities  and  facilities  were  impor¬ 
tant  contributors  to  the  overall  urban  noise  system.  Rail¬ 
road  transport  formed  a  consistent  and  dominant  noise  source. 
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due  to  both  localized  activity  in  the  yards,  and  the  passage 

of  trains  through  the  townsite.  The  moving  trains  generated 

distinctive  noise  traces  in  approaching  or  departing  from 
the  area,  with  track  grade  determining,  in  part,  the 
characteristic  patterns  that  were  generated. 

Local  motor  vehicle  traffic  in  the  townsite  was 
responsible  for  a  consistent  "quasi-steady-state"  flow,  and 
the  isolated  peaking  of  "discrete  moving  noise  sources"; 
usually  attributed  to  heavy  commercial  vehicles.  Unlike  rail¬ 
road  movement,  motor  traffic  displayed  a  strong  seasonal 
fluctuation.  It  was  the  principal  factor  in  maintaining  the 

uniformly  high  levels  at  commercial  sites  during  the  summer. 
The  large  reduction  in  traffic  volume  associated  with  the 
arrival  of  the  off-season  helped  re-establish  a  subdued  noise 
environment;  daily  fluctuations  which  had  been  masked  during 
the  summer  by  the  consistently  high  intensities  of  the  tourist 
period,  now  re-appeared. 

When  transect  samples  were  taken,  the  existence  of  a 
complex  sound  field  in  the  valley  system  became  evident  by 
the  control  it  exercised  over  noise  diffusion:  intensity 
increments  were  not  in  phase  with  decreasing  distance  from 
noise  sources,  and  sound  wave  diffraction  interfered  with 

wave  dissipation  (Appendix  I) . 

The  presence  of  a  noise  factor  was  discernible  at  all 
sample  sites.  At  higher  elevations  this  usually  took  the 
form  of  an  undifferentiated  background  level  superimposed  on 
the  natural  sound  environment.  With  decreasing  distance  and 
elevation  from  noise  sources  in  the  valleys,  the  diffuse 
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field  resolved  into  distinct,  directional  components. 

As  in  the  case  of  the  townsite,  noise  from  transpor¬ 
tation  activity  was  a  major  component  in  the  valley  system. 
Highway  traffic,  monitored  under  conditions  of  heavy  flow 
for  a  varying  composition,  created  intensities  ranging  from 
78  to  89  dB (A) .  Individual  diesel  trucks  produced  maxima 
ranging  from  86  to  91  dB (A) ,  with  the  largest  absolute  ranges 
occurring  through  the  acceleration  and  deceleration  at  the 
park  gates. 

The  noise  generated  by  the  movement  of  trains  through 
the  valley  system  was  perceptible  not  only  at  transect  sites, 
but  also  in  adjoining  valleys,  illustrating  the  capacity  of 
noise  to  be  transmitted  with  only  a  small  rate  of  dissipation 
over  large  distances. 

An  important  factor  controlling  the  distribution  of 
noise  in  the  valleys  was  the  attenuation  of  sound  waves  by 
topography  and  vegetation.  Significant  alterations  in  the 
transmission  pattern  of  noise  was  caused  by  the  interception 
of  sound  waves  through  topographic  features.  The  diffusion 
capacity  of  sound  within  forested  areas  depends  largely  on 
the  density  and  structural  characteristics  of  the  vegetation. 
Various  examples  of  the  attenuation  produced  by  topographic 
features  and  vegetation  are  presented  in  Chapter  3. 

The  existence  of  a  strong  noise  environment  in  the 
park  has  various  ramifications  for  the  park's  most  important 
asset — its  natural  environment.  The  preservation  of  an 
unimpaired  environment  for  the  enjoyment  of  this  and  future 
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generations  is  the  basic  tenet  of  national  park  legislation 
and  policy.  By  being  a  pollutant,  noise  has  the  potential 
to  detract  from  the  public's  enjoyment  of  the  park's  natural 
setting,  as  well  as  the  potential  to  impair  the  natural 
environment  through  its  effects  on  wildlife. 

The  significance  of  the  noise  factor  in  the  park  in 
terms  of  the  natural  environment,  and  potential  methods  for 
its  control  are  evaluated  in  Chapter  4.  Although  noise  cannot 
be  completely  eliminated  from  the  park  without  the  exclusion 
of  human  activity,  control  over  its  production  and  prolif¬ 
eration  could  be  achieved  by  introducing  a  more  discriminating 
designation  of  activities  considered  to  be  'appropriate'  to 
the  park  setting  and  environment. 

Reducing  the  effect  of  noise  would  involve  the  strict 
limitation  of  both  levels  and  distribution  of  various  activ¬ 
ities.  Considering  the  particular  circumstances  and  pressures 
brought  to  bear  on  Jasper  Park,  a  zoning  scheme,  such  as  the 
one  envisioned  in  the  Provisional  Master  Plan,  would  appear 
to  offer  the  only  feasible  alternative  to  the  prospect  of  an 
uncontrolled  noise  environment.  Various  alterations  and 
safeguards  would  be  required,  however,  before  the  present 
plan  could  be  expected  to  successfully  cope  with  the  problems 
of  noise  abatement. 

Considerable  scope  exists  for  further  investigation 
into  noise  environments  operating  within  park  systems.  In 
Jasper  Park,  the  monitoring  of  noise  production  should  be 
expanded  both  in  area  and  in  the  detailed  coverage  of  various 
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sources,  especially  in  the  case  of  outdoor  recreation. 
Inquiry  should  be  extended  to  cover  the  winter  season  and 
related  activities.  The  utilization  of  automatic  recorders 
would  greatly  facilitate  the  compiling  of  data,  particu¬ 
larly  about  the  diffusion  characteristics  of  waves  within 
complex  sound  fields.  A  comprehensive  analysis  of  noise 
attenuation  by  various  characteristic  topographic  and 
vegetation  features  representing  a  range  of  park  landscapes 
is  required.  Detailed  noise  perception  studies  should  be 
undertaken  to  determine  the  factors  that  influence  the 
perception  and  reaction  to  noise  environments  within  the 
park.  The  complex  interaction  between  noise  and  wildlife 
offers  biologists  a  virtually  unexplored  area  of  research. 

The  noise  factor  is  only  one  aspect  of  the  impact  of 
human  activity  on  the  natural  environment  in  the  park.  This 
impact  is  symptomatic  of  what  is  the  outstanding  problem 
facing  the  national  park  system  today — the  need  to  create  a 
balanced  juxtaposition  between  ever  increasing  recreational 
needs  and  demands  on  the  one  hand,  and  the  preservation  of 
nature  and  wilderness  areas,  on  the  other. 
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APPENDIX  I 


GLOSSARY 

Decibel t  the  non-dimensional  ratio  of  two  measures 
of  sound  power  expressed  as  a  logarithm  to  the  base  10. 

Sound  pressure  level  in  decibels  is  equal  to  20  log^^Q  (P/Po) 
where  p  is  the  sound  pressure  level  of  a  given  sound,  and  Pq 
is  an  arbitrary  reference  level  usually  taken  as  0.0002  dynes/ 
cm2  (microbars) ,  the  minimum  auditory  threshold  for  normal 
young  adults . 

Diffuse  sound  field:  a  field  within  a  large  irreg¬ 
ular  enclosure  or  space  that  consists  of  a  superimposition  of 
sound  waves  traveling  in  all  directions  with  equal  probability. 
In  reality,  ideal  diffuse  fields  never  exist  because  there  is 
always  a  net  flow  of  power  from  the  source  to  the  places  where 
the  energy  is  ultimately  absorbed  (directivity  pattern) . 

Doppler  effect;  the  behaviour  of  sound  produced  by 
an  object  that  is  moving  in  relation  to  a  listener.  Each 
successive  sound  wave  is  emitted  farther  ahead  on  the  path  of 
the  moving  source.  Although  diffusion  occurs  in  all  directions 
at  a  constant  speed,  the  waves  are  not  concentric.  Compressed 
in  front  of  the  moving  object,  they  pass  the  observer  at  a 
higher  frequency  and  pitch  than  those  actually  produced  by  the 
source.  Behind  the  moving  object  the  reverse  situation  occurs; 
the  distance  between  waves  is  increased,  the  frequency 
decreased  and  the  pitch  lowered. 
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Free  sound  field;  a  field  in  a  homogeneous  isotropic 
medium  free  from  boundaries.  In  practice,  it  is  a  field  in 
which  the  effects  of  the  boundaries  are  negligible  in  the  area 
being  monitored  for  sound  transmission. 

Frequency :  the  number  of  times  that  a  periodic  quantity 

repeats  itself  in  a  unit  interval  of  time;  the  unit  of  fre¬ 
quency  is  the  cycle  per  second  (c/s) ,  also  called  hertz  (Hz) . 

Intensity ;  refers  to  a  dimension  of  a  stimulus,  being 
the  measure  or  magnitude  of  the  stimulating  agent.  In  the 
case  of  sound  (waves) ,  intensity  is  usually  measured  in  terms 
of  pressure  or  energy  flow  (power) ,  the  intensity  level  of 
sound  pressure  being  expressed  in  decibels. 

Loudness ;  the  psychological  response  made  by  an 
observer  to  the  physical  intensity  of  sound,  which  enables 
sounds  to  be  rated  on  a  scale  running  from  ’soft'  to  'loud.' 
Chiefly  a  function  of  the  intensity,  it  is  also  dependent 
upon  the  frequency  and  the  composition  of  the  sound. 

Loudness  level:  the  intensity  level  of  a  1,000  cycle 
tone  which  sounds  equal  to  the  sound  in  loudness.  Loudness 
level  is  measured  in  decibels  or  phons  above  the  reference 
intensity  of  the  1,000  hertz  tone. 

Noise .  physically,  noise  is  defined  as  a  complex 
sound  with  little  or  no  periodicity;  psychologically,  it  is 
usually  defined  as  any  annoying  or  unwanted  sound. 

Noise  climate;  the  range  of  sound  levels  recorded 
for  80  per  cent  of  the  time  (the  sound  levels  between  the  10 
and  90  per  cent  levels) .  The  90  per  cent  level  is  an 
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indication  of  the  ambient  level  which  is  mainly  due  to  distant 
traffic  activity,  and  the  10  per  cent  level  is  the  result  of 
intermittent  sounds  of  higher  intensity,  whether  from  local 
sources,  or  the  more  distant  components  of  trains  or  aircraft. 

Octave :  the  interval  between  two  sounds  having  a 

basic  frequency  ratio  of  2  to  1. 

Perceived  noise  level.;  the  level  in  decibels  assigned 
to  a  noise  by  means  of  a  calculating  procedure  that  is  based 
on  an  approximation  to  subjective  evaluations  of  'noisiness'. 

Phon ;  the  unit  for  measuring  loudness  level  of  a  tone. 
The  number  of  phons  is  equal  to  the  number  of  decibels  that 
a  1,000  cycle  tone  is  above  the  reference  (threshold)  inten¬ 
sity  when  perceived  to  be  equal  in  loudness  to  that  sound. 

Pitch ;  the  psycho-acoustical  response  made  by  an 
observer  to  the  dimension  of  frequency  enabling  sounds  to  be 
rated  according  to  a  scale  running  from  'low'  to  'high'. 

Sound:  an  alteration  in  pressure,  particle- 

displacement,  or  particle-velocity  propagated  in  an  elastic 
medium.  Sound  is  also  the  sensation  produced  through  the 
auditory  mechanism  in  response  to  these  disturbances. 

Sound  diffraction:  or  'turning  the  corner'  occurs 
when  one  set  of  sound  waves  use  the  edge  of  an  obstruction 
(such  as  a  topographic  break-of-slope)  as  a  pivot  from  which 
to  generate  a  new  pattern  of  waves .  The  edge  of  the  barrier 
becomes  a  secondary  sound  source,  transmitting  waves  of  the 
same  frequency  and  wavelength  as  the  original  set,  but  of 
a  lower  intensity.  The  new  waves  are  projected  into  the 
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'shadow  zone'  behind  the  barrier,  and  also  radiate  into  the 
path  of  the  original  set,  creating  zones  of  the  interference. 

Sound  pressure:  the  force  exerted  by  the  movement 
of  particles  in  an  elastic  medium.  In  the  propagation  of 
sound  in  air,  sound  pressure  is  the  incremental  variation 
above  and  below  atmospheric  pressure  and  is  measured  in  dynes 
per  square  centimetre  or  microbars. 

Sound  pressure  level;  the  level  in  decibels,  20  times 
the  logarithm  to  the  base  10  of  the  ratio  of  the  pressure  of 
the  sound  to  the  reference  pressure  usually  taken  as  0.0002 
microbars — the  threshold  of  human  hearing  acuity. 

Sound  refraction:  the  bending  of  sound  waves  caused 
by  the  existence  of  gradients  (usually  thermal)  in  the 
atmosphere.  The  speed  of  sound  varies  with  the  temperature 
of  the  transmitting  medium;  waves  passing  from  cool  to  warm 
air  will  speed  up.  Waves  crossing  a  thermal  gradient  will 
bend,  the  extent  of  such  refraction  being  determined  by  the 
difference  in  temperature  and  the  angle  of  movement. 

Sound  wave;  an  oscillation  of  pressure  or  stress 
produced  by  the  sequential  displacement  of  air  molecules 
(or  particles  of  any  other  elastic  medium) .  Any  vibration 
may  be  a  source  of  sound,  but  sound  waves  can  only  be 
produced  by  the  longitudinal  vibration  of  transmitting  of  the 
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SOUND  MEASURING  EQUIPMENT 

The  measurement  of  noise  was  carried  out  with  a  sound 
level  meter  (General  Radio,  Type  1551-C)  that  meets  the 
international  standards  for  general  purpose  sound  level  meters 
(International  Electrotechnical  Commission,  IEC/123  -  1961) . 

It  is  a  compact,  rugged,  and  easy  to  handle  instrument, 
possessing  a  measuring  range  from  24  to  150  dB  (re  20 , 
and  a  frequency  response  ranging  from  20  Hz  to  20  kHz. 

The  meter  was  mounted  on  a  tripod,  approximately  3  feet  above 
the  ground,  with  the  microphone  placed  in  a  horizontal  position. 
A  windscreen,  consisting  of  a  foam  ball  4  inches  in  diameter, 
was  placed  over  the  microphone  to  reduce  the  effect  of  wind 
interference.  The  monitored  noise  was  recorded  on  magnetic 
tape  with  the  use  of  a  Uher  4000  tape  recorder,  a  battery 
operated  instrument  that  can  record  high  frequencies  without 
distortion.  Operator  and  equipment  noise  error  was  kept  to 
a  minimum  by  placing  the  recorder  on  the  ground  behind  the 
meter.  Recordings  were  taken  on  the  linear  scale  (no 
weighting  being  applied) .  All  relevant  information  pertaining 
to  a  sample  was  spoken  into  the  recorder  at  the  time  of 
monitoring. 

Figure  II. i  shows  the  arrangement  of  instruments  used 
in  converting  the  monitored  noise  into  a  graphic  trace.  An 
example  of  such  a  trace  is  given  in  Figure  II. ii. 
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Figure  II. i.  Sound  measuring  equipment:  from  left  to 
right  behind  the  sound  level  meter  are  shown  the  tape 
recorder,  the  microphone  amplifier  and  the  level 
recorder. 
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Figure  Il.ii.  Noise  trace  components. 
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The  recorded  noise  was  fed  through  a  high  gain 
microphone  amplifier  (Bruel  and  Kjaer,  Type  2603) .  The 
amplifier  is  equipped  with  weighting  networks,  allowing  the 
introduction  of  the  dB (A)  scale  at  this  point.  The 
instrument  was  connected  to  a  level  recorder  (Briiel  and  Kjaer, 
Type  2305)  designed  to  accurately  trace  impulses  in  the 
frequency  range  of  2Hz  to  200  kHz. 

A  graphic  representation  of  noise  intensities  was 
produced  on  100  mm  wide  charts,  scaled  into  1  dB  intervals. 

The  sound  meter  produces  an  output  signal  of  1,000  cycles. 
Through  panel  adjustment,  it  is  possible  to  generate  an  output 
signal  of  134  dB  at  the  above  frequency.  This  provides  a 
calibrated  reference  level  to  which  the  various  instruments 
can  be  adjusted.  Aside  from  giving  this  reference  level,  the 
graph  presented  in  Figure  II. ii  shows  the  10  dB  jump  produced 
by  attenuating  the  meter's  response  level  from  84  to  74  dB 
in  the  presence  of  a  uniform  noise  intensity.  The  graphic 
traces  provided  a  means  of  determining  mean  intensities, 
intensity  maxima  and  minima,  the  degree  of  fluctuation,  and 
the  duration  period  of  specific  levels. 
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